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Ailanthus  altissima  (the  stinking  ash)  is  an  invasive  tree  that  has  spread  to  most  states  in 
the  continental  U.S.  No  formal  study  has  yet  documented  the  Ailanthus  pollination  ecol¬ 
ogy.  We  observed  the  insects  visiting  Ailanthus  at  four  sites  in  a  western  suburb  of  Chi¬ 
cago  over  several  weeks  during  the  summer.  Numerous  insects  visited  the  flowers,  with 
flies  and  bees  most  common,  though  there  was  significant  heterogeneity  among  sites  in 
the  composition  of  the  local  pollinator  assemblage.  Over  half  of  the  pollen  carried  on  the 
legs  of  large  bees  was  similar  to  the  Ailanthus  morphotype  pollen.  These  results  suggest 
generalist  pollination  mediated  by  geographically  wide-spread  insect  vectors,  which 
would  facilitate  range  expansion.  Moreover,  the  reliance  on  both  bees  and  flies  may  help 
explain  the  species’  preference  for  disturbed  sites  and  its  ability  to  expand  into  northern 
latitudes.  Ants  also  were  frequent  floral  visitors  and  potential  symbionts,  though  they  are 
unlikely  pollinators  of  this  dioecious  species. 


INTRODUCTION 

The  invasive  tree  Ailanthus  altissima  Swingle  (stinking  ash,  Tree-of-Heaven,  Chinese 
sumac)  is  an  increasing  component  of  U.S.  forests  and  is  a  common  weed  tree  in  many 
cities  where  it  is  noted  for  its  capacity  to  thrive  in  the  cracks  in  concrete  and  asphalt 
nearly  as  readily  as  at  a  forest  edge  (Pan  and  Bassuk  1986).  Its  tenacity  inspired  the  book 
A  Tree  Grows  in  Brooklyn  (Smith  1943),  and  later  a  movie  and  musical  by  the  same  title. 
A  deciduous  member  of  the  tropical  family  Simaroubaceae  (Quassia),  A.  altissima  [Mill] 
Swingle  was  first  imported  from  China  through  England  in  1784  by  William  Hamilton,  a 
Philadelphia  gardener  (Hu  1979).  Additional  introductions  into  the  west  coast  are  thought 
to  have  occurred  with  Chinese  immigrants  during  the  1800s.  Although  other  species  of 
the  genus  exist,  Ailanthus  altissima  (hereafter,  Ailanthus)  has  spread  to  most  states  in  the 
United  States  (USDA-NRCS  2008)  by  following  human  disturbances  (Hu  1979,  Huebner 
2003),  often  along  transportation  right-of-ways  (Burch  and  Zedaker  2003). 

Ailanthus  presents  large  pinnately  compound  leaves  with  indeterminate  growth,  often 
yielding  large  swooping  leaves  that  suggest  its  tropical  origin  (Fig.  1).  It  incorporates 
many  of  the  strategies  employed  by  invasive  species  including  (a)  early  and  profuse 
reproduction  (Feret  1973)  wherein  a  single  adult  can  produce  a  million  seed  in  a  year 
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(California  Invasive  Plant  Council  2008),  (b)  long-distance  seed  dispersal  (Matlack 
1987),  (c)  aggressive  clonal  reproduction  (Miller  2000),  and  (d)  a  reliance  on  high  sun¬ 
light  (Grime  and  Jeffrey  1965).  Moreover,  (e)  Ailanthus  produces  toxins  that  inhibit  plant 
growth  and  appear  to  render  it  unpalatable  to  many  U.S.  herbivores  (Heisey  1990a,  b,  De 
Feo  et  al.  2003).  For  a  recent  review  of  the  biology  of  Ailanthus  altissima  see  Kowarik 
and  Saumel  (2007). 

Much  less  studied  are  the  interactions  between  Ailanthus  and  its  mutualists,  such  as  polli¬ 
nators.  Some  claim  that  A.  altissima  is  wind-pollinated  (Ballero  et  al.  2003)  but  the  strong 
fetid  odor  of  its  flowers  is  thought  to  attract  honey  bees  as  well  as  beetles  and  other 
insects  (Hu  1979,  Miller  1990).  In  fact,  Ailanthus  honey  is  made  in  some  quarters  of 
Europe  (Dalby  2000).  There  it  is  reported  that  bee  keepers  with  hives  located  near  large 
Ailanthus  stands  produce  a  smokey,  greenish  honey  that  some  consider  bitter  and  unde¬ 
sirable,  though  pleasant  once  sufficiently  aged.  The  flowers  appear  to  fit  a  generalist 
insect  pollination  syndrome  as  they  are  small  and  actinomorphic  with  white  to  yellowish 
or  greenish  petals,  presented  in  dense  clusters  of  racemose  cymes  (Fig.  1)  in  April 
through  June  and  into  July.  The  species  is  dioecious,  though  hermaphrodites  do  exist 
(Gleason  and  Cronquist  1993).  Flowers  of  both  genders  emit  a  strong  fetid  odor  at  times 
compared  to  burnt  peanut  butter  (California  Invasive  Plant  Council  2008,  Global  Invasive 
Species  Database  2008),  though  some  descriptions  emphasize  the  male  flowers  as  par¬ 
ticularly  odoriferous. 

Here,  we  report  on  the  floral  visitors  of  Ailanthus  in  the  western  suburbs  of  Chicago. 
Information  to  date  on  Ailanthus  pollination  draws  largely  on  anecdotal  records  and  cas¬ 
ual  observations.  Our  study  provides  quantitative  information  on  the  putative  pollinator 
assemblage  of  this  invasive  species  near  its  northernmost  extent  in  the  Midwestern  U.S. 

STUDY  AREA  &  METHODS 

We  conducted  the  study  in  the  Naperville  area,  a  western  suburb  of  Chicago,  Illinois, 
between  the  months  of  June  and  August  2006.  The  western  suburbs  are  a  mosaic  of  pre¬ 
dominantly  urban- suburban  habitat  intermingled  with  a  large  network  of  forest  reserves. 
We  selected  four  roughly  1 -hectare  patches  of  forest  that  contained  Ailanthus,  with  dis¬ 
tances  between  sites  ranging  from  0.4  to  3  km.  Site  1  contained  three  large  (>  10  cm  dbh) 
female  Ailanthus  residing  in  contiguous  canopy  edge  habitat  adjacent  to  a  parking  lot  and 
a  major  highway.  Site  2  was  roughly  two  km  away  and  contained  a  single,  large,  free¬ 
standing  female  Ailanthus  in  a  small  park  of  both  prairie  (mostly  non-native  species)  and 
forest  habitat.  Sites  3  and  4  were  another  km  away  and  only  0.4  km  apart  in  riparian  edge 
habitat  adjoining  a  major  road  (site  3)  and  a  parking  lot  (site  4).  Both  of  these  sites  held 
several  large  Ailanthus,  (site  3,  N  =  7;  site  4,  N  =  5),  with  both  males  and  females  pre¬ 
sent.  Note  that  population  size  estimates  are  only  approximate  since  Ailanthus  can  propa¬ 
gate  clonally  (Kowarik  1995)  and  so  in  several  instances  it  was  unclear  what  was  a  ramet 
versus  a  genet. 

Field  observations  and  collections  were  made  as  follows.  We  marked  a  single,  large 
Ailanthus  inflorescence  per  tree  with  string  and  made  insect  observations  and  collections 
at  these  during  a  period  of  45  minutes  to  an  hour  per  site  between  9  AM  and  2  PM.  Most 
time  was  allotted  per  site  to  detailed  observations  and  collections  at  a  single  female  focal 
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tree,  though  we  also  surveyed  and  collected  from  other  marked  inflorescences  at  each  site 
every  10-15  minutes.  Our  goal  in  conducting  the  study  was  to  produce  a  list  of  candidate 
pollinators  for  Ailanthus,  and  since  an  effective  pollinator  must  visit  both  male  and 
female  trees  to  move  pollen  between  genders,  one  should  be  able  to  sample  either  (or 
both)  genders  and  capture  the  subset  of  visitors  that  are  the  truly  effective  pollinators. 
Some  have  noted  that  the  male  flowers  emit  a  stronger  odor  than  the  female  flowers  (e.g.. 
Global  Invasive  Species  Database  2008)  and  this  might  attract  a  larger  assemblage  of 
floral  visitors,  though  the  male-specific  visitors  are  of  less  interest  to  our  study.  We  vis¬ 
ited  all  of  the  four  sites  every  two  to  three  days  over  the  course  of  two  months  with 
exceptions  made  for  rainy  and  windy  weather  (total  hours  of  observation,  36).  We  rotated 
the  order  in  which  we  visited  the  sites  so  as  not  to  conflate  site  effects  with  temporal 
variation  in  insect  activity. 

Insects  visiting  Ailanthus  flowers  were  collected  with  a  net  after  they  were  observed 
interacting  directly  with  the  flowers,  rather  than  simply  being  present  in  the  vicinity  or 
resting  on  the  inflorescence.  A  few  exceptions  to  this  rule  were  some  of  the  smaller 
insects  that  were  captured  via  an  aspirator,  some  directly  from  the  flowers  and  some  from 
the  net  following  a  sweep.  All  specimens  were  stored  in  a  freezer  until  identification. 
Specimens  were  pinned,  labeled,  mounted,  and  identified  down  to  the  family  level  of 
classification  using  two  keys  (Borror  et  al.  1989,  Romoser  and  Stoffolano  1998).  Visita¬ 
tion  rates  were  calculated  for  important  taxonomic  groups  (flies,  bees,  etc.)  and  a  Pearson 
chi-square  (SPSS  program)  was  used  to  test  for  differences  in  visitor  classes  among  the 
sites. 

During  identifications  we  found  that  several  specimens,  particularly  the  larger  bees,  car¬ 
ried  pollen  loads  on  their  legs,  which  were  assayed  as  follows.  Pollen  was  removed  from 
the  leg  of  eleven  bees  (family  Apidae;  ten  bees  from  site  1,  one  bee  from  site  3)  and 
placed,  separately,  into  microcentrifuge  tubes  containing  Calberla's  stain  (2  drops  of 
saturated  aqueous  solution  of  basic  fuchsin,  5  ml  glycerol,  10  ml  95%  ethanol,  and  15  ml 
distilled  water).  These  were  vortexed  and  examined  under  a  compound  microscope.  As  a 
control,  we  examined  the  treated  pollen  from  Ailanthus  and  used  this  morphotype  to 
compare  against  the  pollen  carried  by  the  insects.  For  each  sample  we  determined  the 
frequency  of  grains  that  were  like  and  unlike  the  Ailanthus  morphotype  with  sample  sizes 
ranging  from  50  to  77  grains  per  bee.  A  Pearson  chi-square  test  was  used  (SPSS  program) 
to  determine  if  the  putative  Ailanthus  pollen  load  varied  across  bees.  Note  that  we  also 
found  pollen  dusted  on  many  of  the  other  insects,  including  flies,  though  it  was  unclear  to 
what  extent  this  was  a  byproduct  of  the  net  capture  process.  As  a  result,  these  were  not 
quantified. 


RESULTS 

Flies  and  bees  were  the  most  common  insects  visiting  the  Ailanthus  flowers.  A  total  of 
1 18  insects  were  collected  representing  five  orders  and  more  than  sixteen  families  (Table 
1,  Figure  2).  The  Dipterans  (flies)  accounted  for  nearly  half  of  the  collections  (48.3%) 
with  Hymenopterans  second  most  abundant  overall  (32.2%),  and  roughly  2/3  of  these 
bees  and  the  remaining  1/3  ants.  Other  orders  were  rare  including  Hemiptera  (true  bugs, 
10.2%),  Coleoptera  (beetles,  7.6%),  and  Lepidoptera  (butterflies,  1.7%). 
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The  composition  of  the  insect  communities  visiting  the  Ailanthus  flowers  varied  across 
the  four  sites,  with  bees  dominant  at  one  site  and  flies  dominant  at  two  other  sites.  The 
single  tree  at  site  2  received  very  low  visitation  rates  and  so  it  was  removed  from  the 
formal  analysis  of  site  heterogeneity.  At  site  1,  bees  comprised  a  larger  fraction  of  the 
visitor  pool  (44.7%)  than  did  flies  (23.4%).  In  contrast,  the  visitor  pools  at  the  other  sites 
were  dominated  by  flies  while  bees  represented  only  a  minor  component  (site  3:  2.7% 
bees,  56.8%  flies;  site  4:  3.7%  bees,  77.8%  flies).  A  Pearson  chi-square  test  showed  that 
the  bee  and  fly  numbers  were  significantly  different  when  comparing  site  1  with  pooled 
data  of  the  adjacent  sites  3  and  4  (x^  =  32.78,  1  df,  P  <  0.001). 

Morphotype  analysis  of  the  pollen  carried  by  bees  indicated  that  bees  were  indeed 
actively  collecting  Ailanthus  pollen,  not  simply  visiting  the  flowers  for  nectar  or  by  hap¬ 
penstance.  The  large  bees  visiting  Ailanthus  flowers  (predominantly  at  site  1  with  all 
female  Ailanthus)  carried  on  their  legs  a  large  percentage  (58.5%)  of  pollen  that  was 
indistinguishable  from  Ailanthus  pollen  collected  from  a  known  source  (Table  2).  The 
remaining  pollen  (41.5%)  clearly  derived  from  several  other  unidentified  species.  Differ¬ 
ences  in  the  ratio  of  Ailanthus  versus  non-Ailanthus  pollen  morphotypes  were  not  signifi¬ 
cant  across  bees  =  13.26,  P  =  0.104).  Allowing  for  the  fact  that  the  pollen  of  some 
other  species  might  appear  morphologically  similar  to  that  of  Ailanthus,  the  58.5%  is  an 
upper  bound  on  our  estimate  of  the  percent  of  Ailanthus  pollen  carried  by  these  bees.  But 
assuming  that  these  were  indeed  Ailanthus  pollen  grains,  we  have  further  promoted  the 
status  of  bees  as  effective  pollinators  of  Ailanthus  since  these  large  bees  carrying  Ailan¬ 
thus  pollen  were  collected  visiting  female  Ailanthus  flowers,  thereby  establishing  a  male 
-  female  link. 


DISCUSSION 

These  data  support  the  notion  that  Ailanthus  is  pollinated  by  a  variety  of  generalist 
insects,  most  notably  flies  and  bees.  Although  these  visitation  data  cannot  prove  effective 
pollination  by  these  insects,  we  have  nevertheless  circumscribed  the  list  of  candidates. 
This  list  includes  taxa  recognized  as  likely  pollinators  in  less  formalized  studies  of 
Ailanthus  reproduction  (e.g.,  bees  noted  by  Dalby  2000).  Moreover  our  list  includes 
many  insect  taxa  known  to  be  generalist  pollinators  that  associate  with  other  invasive 
plant  species  (reviewed  by  Richardson  et  al.  2000).  Plants  that  maintain  more  obligate 
associations  with  particular  pollinators  are  more  bound  to  the  geography  of  those  polli¬ 
nators  and  therefore  less  likely  to  become  invasive.  A  partial  reliance  on  fly  pollination 
(myophily)  in  a  north-temperate  zone  is  reasonable  given  other  studies  of  floral  visitation 
that  have  shown  an  increase  in  the  importance  of  fly  pollination  with  increasing  altitude 
and  elevation  (reviewed  in  Kearns  2001).  The  infestation  of  Ailanthus  in  the  Chicago  area 
is  near  the  northernmost  extent  of  the  range  of  Ailanthus  in  the  Midwestern  U.S.,  where  it 
reaches  into  Wisconsin  and  Michigan  but  only  sparingly  with  concentrations  near  Chi¬ 
cago  and  in  Milwaukee  and  Detroit  (USDA  -  NRCS  2008). 

Our  list  of  floral  visitors  of  Ailanthus  is  largely  distinct  at  the  family  level  from  the  list  of 
arthropods  known  to  associate  with  Ailanthus  in  China.  This  latter  list  reported  by  Siting 
(1997,  cited  and  described  in  Zheng  et  al.  2004)  is  comprised  mostly  of  natural  herbivore 
pests,  not  necessarily  floral  visitors.  Some  of  these  associates  may  serve  to  keep  Ailan¬ 
thus  in  check  and  prevent  it  from  becoming  locally  invasive.  A  total  of  32  arthropod  spe- 
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cies  are  noted  as  associating  with  Ailanthus  in  China:  Lepidoptera  (12  species  of  mostly 
moths  and  some  butterflies),  Coleoptera  (10  species  of  beetles),  Homoptera  and 
Hemiptera  (8  species  of  true  bugs,  cicadas,  and  planthoppers),  and  Acariformes  (2  spe¬ 
cies  of  mites).  By  contrast,  these  groups  form  only  a  small  part  of  our  list  of  floral  visi¬ 
tors,  with  only  a  single  species  of  butterfly  along  with  a  few  beetles  and  true  bugs  present 
in  our  survey  of  Ailanthus  in  the  Chicago  area.  The  bulk  of  the  floral  visitors  in  our 
dataset  (flies,  bees  and  ants)  were  not  mentioned  in  the  China  survey,  which  is  not  sur¬ 
prising,  geography  aside,  as  the  two  studies  appear  to  have  focused  on  different  modes  of 
insect-plant  interactions. 

As  for  flies,  despite  their  generalist  behavior  and  at  times  inefficient  transfer  of  pollen, 
flies  often  contribute  to  plant  reproduction  and  can  rival  bees  as  important  pollinators  in 
many  circumstances  in  part  due  to  their  sheer  ubiquity  (Motten  1986,  Kearns  and  Inouye 
1994,  Kearns  2001,  Larson  et  al.  2001).  There  are  two  main  types  of  fly  pollination, 
myophily  and  sapromyophily.  Myophily  entails  several  fly  groups  that  regularly  visit 
flowers  for  nectar  and  pollen  and  can  be  important  pollinators.  Families  included  here  are 
the  Anthomyiidae,  Bombyliidae,  Calliphoridae,  Muscidae,  Syrphidae,  and  Tachinidae 
(Kearns  2001);  all  but  the  Bombyliidae  were  detected  at  Ailanthus  flowers  in  this  study. 

The  sapromyophilous  group  of  flies,  on  the  other  hand,  regularly  visits  dead  animals  and 
dung,  though  they  may  also  visit  flowers  that  emit  similar  fetid  odors,  as  do  the  flowers 
of  Ailanthus.  If  proximity  plays  a  role,  the  sapromyophilous  flies  should  cross  paths  with 
Ailanthus  as  both  have  a  habit  in  urban  settings  of  frequenting  the  less-groomed  portions 
of  a  city,  areas  in  which  it  is  not  uncommon  to  find  garbage  lying  about  (Aldrich,  per¬ 
sonal  observation).  In  our  study,  the  sarcophagidae  (flesh  flies)  were  well-represented  at 
each  site.  Although  their  visits  may  have  been  largely  cases  of  ‘mistaken  identity’, 
repeated  albeit  inefficient  visitations  may  in  the  balance  have  led  to  effective  pollination, 
especially  at  sites  3  and  4  where  bees  were  less  common. 

Several  factors  could  explain  the  among-site  heterogeneity  of  the  insect  assemblages. 
First  and  foremost,  the  number  of  sites  surveyed  was  small  and  so  we  must  be  conserva¬ 
tive  in  generalizing  the  pattern  of  heterogeneity,  though  the  heterogeneity  that  we  did 
observe  is  readily  explained.  Studies  of  fly  visitation  rates  often  show  high  spatial  hetero¬ 
geneity  in  fly  numbers  and  species  by  site  (Herrera  1988,  Kearns  and  Inouye  1994).  For 
example,  in  our  study  sites  3  and  4  were  near  a  stream  which  might  have  attracted  a  novel 
assemblage  of  insects  including  more  flies  compared  to  the  other  sites,  perhaps  due  to 
sewer  runoff,  goose  feces,  and  various  other  aquatic  sources  of  carrion  and  detritus. 
Another  possible  factor  is  the  gender  differences  between  sites,  as  sites  3  and  4  included 
some  male  trees  that  conceivably  could  have  been  more  attractive  to  flies,  although  they 
would  then  be  less  efficient  pollinators  if  they  failed  to  visit  females. 

The  prevailing  wisdom  has  been  that  bees  are  an  important  pollinator  of  Ailanthus  judg¬ 
ing  from  a  variety  of  anecdotal  reports  and  observations  (e.g..  Miller  1990,  Dalby  2000). 
Our  quantitative  studies  of  visitation  rates  and  pollen  morphotypes  carried  on  bee  legs 
support  this  contention.  The  large  bees  that  we  captured  visiting  Ailanthus  flowers  carried 
more  Ailanthus  morphotype  pollen  than  pollen  from  other  sources  (average  for  11  bees, 
58.5%  Ailanthus  morphotype  pollen).  These  bees  also  carried  a  very  similar  proportion  of 
Ailanthus  morphotype  pollen  suggesting  they  were  interacting  with  Ailanthus  with  some 
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sort  of  regularity.  Moreover,  since  we  captured  bees  at  female  trees  we  are  able  to  estab¬ 
lish  a  male  -  female  connection,  further  supporting  the  role  of  bees  as  effective  pollina¬ 
tors  of  Ailanthus,  not  just  floral  visitors.  Bees,  like  flies,  are  widespread  and  important 
generalist  pollinators  that  likely  have  facilitated  the  spread  of  Ailanthus.  However,  the 
decline  of  bee  and  other  pollinator  populations  in  many  areas  of  the  globe  (Kearns  et  al. 
1998,  Biesmeijer  et  al.  2006)  may  lead  to  a  rise  in  the  importance  of  less  efficient  yet 
ubiquitous  pollinators  such  as  flies. 

Several  of  the  other  insect  groups  visiting  the  Ailanthus  flowers  in  this  study  may  con¬ 
tribute  to  pollination  (e.g.,  butterflies,  Lepidoptera),  though  likely  not  all  of  these  groups. 
Several  of  the  beetles  (Coleoptera),  true  bugs  (Hemiptera),  and  the  ants  (Hymenoptera, 
Formicoidea)  may  have  been  casual  or  predatory  visitors  rather  than  pollinators,  and 
some  of  these  groups  are  well-represented  in  the  survey  of  natural  enemies  of  Ailanthus 
in  China  (Siling  1997,  Zheng  et  al.  2004).  Those  unable  to  fly  (ants)  were  further  unlikely 
as  pollinators  because  Ailanthus  is  dioecious  and  the  insect  would  have  had  to  travel  a 
large  surface  distance  to  the  next  Ailanthus  to  affect  pollination.  These  less  vagile  floral 
visitors  might  prove  more  effective  as  pollinators  should  gender  determination  prove  to 
be  more  flexible  or  certain  modes  of  bisexuality  more  common  in  Ailanthus  than  is  nor¬ 
mally  reported. 

Even  though  ants  are  unlikely  pollinators  of  a  dioecious  Ailanthus,  ants  may  nevertheless 
be  a  symbiont.  Ants  commonly  patrol  the  leaves  of  Ailanthus,  removing  nectar  from  the 
flowers  and  from  extra-floral  nectaries  that  occur  at  the  leaf  margins  and  stipules  (Aid- 
rich,  personal  observation).  Chemical  analysis  has  shown  that  the  extra-floral  nectaries  of 
Ailanthus  glandulosa  produce  sucrose,  rhamnose,  and  several  amino  acids,  mostly  serine, 
threonine,  and  proline  (Bory  and  Clair-Maczulajtys  1986).  These  resources  may  serve  as 
a  reward  to  the  ants  for  protection  from  herbivores,  augmenting  Ailanthus'  defenses, 
although  ants  might  also  deter  potential  pollinators  as  well.  The  interaction  is  reminiscent 
of  the  symbiosis  in  the  Central  American  tropics  between  the  bullhorn  acacia  {Acacia 
cornigera,  Fabaceae)  and  an  ant  {Pseudomyrmex  ferruginea)  that  guards  the  plant  against 
herbivores  and  in  return  eats  protein  nodules  from  the  leaf  tips  and  nectar  from  petiolar 
glands,  and  lives  in  the  hollowed  out  Acacia  thorns  (Janzen  1983).  Casual  observations 
(Aldrich)  of  the  Ailanthus  -  ant  system  in  West  Lafayette,  Indiana  revealed  that  ants 
behave  aggressively  toward  other  insects  as  they  patrol  the  leaves,  and  will  take  up  resi¬ 
dence  in  the  hollow  boles  of  large  adults,  in  which  heart  rot  is  commonplace  (Hu  1979). 

These  data  demonstrate  that  bees,  flies,  and  ants  are  frequent  visitors  to  the  flowers  of 
Ailanthus  in  the  Chicago  area.  A  dependence  on  generalist  pollinators  would  make  colo¬ 
nization  of  new  environments  predictably  easier,  and  is  a  trait  manifest  by  many  invasive 
plants.  We  have  made  a  case  for  bees  as  effective  pollinators,  and  proposed  that  flies  may 
be  important  as  well  although  it  is  conceivable  that  fly  pollination  might  be  less  prevalent 
in  lower  latitudes.  We  also  submit  that  ants  may  be  part  of  a  broader  generalist  symbiosis 
that  includes  floral  rewards  but  whose  influence  may  extend  into  protection  from  herbi- 
vory,  further  augmenting  the  chemical  defenses  possessed  by  Ailanthus.  Such  matters 
deserve  further  study. 
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Table  1.  Insect  visitation  frequencies  at  Ailanthus  altissima  flowers  at  four  sites  in  subur¬ 
ban  Naperville,  IL  between  June  and  August  2006. 


Order 

Family 

Common  name 

Site  1 

Site  2 

Site  3 

Site  4 

Total 

Coleoptera 

Total 

beetles 

3 

1 

5 

0 

9 

Cantharidae 

soldier  beetles 

0 

1 

0 

0 

1 

Cerambycidae 

longhorn  beetles 

0 

0 

1 

0 

1 

Coccinellidae 

ladybugs 

2 

0 

2 

0 

4 

Other 

1 

0 

2 

0 

3 

Diptera 

Total 

flies 

11 

4 

21 

21 

57 

Anthomyiidae 

flies 

3 

0 

0 

1 

4 

Asilidae 

flies 

0 

0 

0 

1 

1 

Calliphoridae 

flies 

2 

0 

6 

0 

8 

Helcomyzidae 

flies 

0 

0 

1 

0 

1 

Muscidae 

flies 

0 

0 

3 

0 

3 

Sarcophagidae 

flies 

4 

4 

5 

3 

16 

Syrphidae 

flies 

0 

0 

5 

4 

9 

Tachinidae 

flies 

1 

0 

0 

0 

1 

Other 

flies 

0 

0 

1 

12 

13 

Hemiptera 

Total 

true  bugs 

8 

0 

1 

3 

12 

Hymenoptera 

Total 

bees  /  ants 

25 

1 

10 

2 

38 

Apoidea 

bees 

21 

1 

1 

1 

24 

Andrenidae 

bees 

1 

0 

1 

0 

2 

Apidae 

bees 

1 

0 

0 

0 

1 

Colletidae 

bees 

2 

0 

0 

0 

2 

Halictidae 

bees 

2 

0 

0 

0 

2 

Other 

bees 

15 

1 

0 

1 

17 

Formicoidea 

ants 

4 

0 

9 

1 

14 

Formicidae 

ants 

4 

0 

9 

1 

14 

Lepidoptera 

Total 

butterflies 

0 

1 

0 

1 

2 

TOTAL 

47 

7 

37 

27 

118 

*  “Other”  indicates  specimens  that  were  identified  to  order  but  remained  ambiguous  at  the  familial  level. 
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Table  2.  Counts  of  pollen  morphotypes  collected  from  the  limbs  of  bees  visiting  Ailan- 
thus  flowers.  A-morph  =  Ailanthus-WkQ  pollen,  N-morph  =  'Hon-Ailanthus 
pollen. 


Specimen 

A-morph 

N-morph 

Total 

AB007 

37 

26 

63 

AB008 

33 

22 

55 

AB009 

29 

27 

56 

AB031 

33 

29 

62 

AB042 

30 

20 

50 

AB043 

32 

20 

52 

AB053 

35 

16 

51 

AB056 

50 

27 

77 

AB063 

23 

31 

54 

AB077* 

30 

26 

56 

AB090 

38 

19 

57 

TOTAL 

370 

263 

633 

*  Collected  at  site  3,  all  others  collected  at  site  1 . 
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Figure  1.  Flowers  and  leaves  of  a  male  Ailanthus  altissima. 
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Figure  2.  Insect  visitations  to  Ailanthus  altissima  organized  by  site. 
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ABSTRACT 

Many  Midwestern  states  are  using  native  roadside  plantings  to  decrease  maintenance 
requirements  and  increase  visual  appeal.  These  plantings  receive  salt  from  the  highways 
from  spray,  blowing,  or  plowing.  This  study  investigated  the  possible  effects  of  several 
salt  concentrations  on  seven  species  of  plants  native  to  Illinois:  butterfly  milkweed 
(Asclepias  tuber osa),  pale  purple  coneflower  {Echinacea  pallida),  rattlesnake  master 
{Eryngium  yuccifolium) ,  rough  blazing  star  {Liatris  aspera),  Ohio  spiderwort  (Trades- 
cantia  ohiensis),  little  bluestem  {Schizachyrium  scoparium),  and  prairie  dropseed 
{Sporobolus  heterolepis) .  Soil  samples  were  collected  from  the  roadsides  to  determine 
amount  of  salt  present.  Field  plots  were  established  and  salted  at  several  levels  which 
included  typical  highway  application  rates  (0  kg/m^,  1kg/  m^,  2kg/m^,  and  3kg/m^).  Seeds 
were  sown  in  field  plots  to  test  for  germination.  Seeds  also  were  germinated  under  labo¬ 
ratory  conditions  using  saline  concentrations  of  0,  0.25,  0.5,  1.0,  and  2.0  g/L  (last  four 
solutions  equal  to  approximately  0.009  M,  0.018  M,  0.035  M  and  0.070  M  solutions). 
Higher  levels  of  salinity  inhibited  germination,  but  these  levels  generally  were  not  found 
in  the  soil  samples.  All  species  tested  showed  tolerance  of  concentrations  found  in  road¬ 
side  samples. 


INTRODUCTION 

Illinois  and  other  Midwest  states  have  ongoing  programs  of  planting  native  forbs  and 
grasses  along  major  highways.  Midwestern  native  plants,  highly  adapted  to  the  Illinois 
environment,  are  intended  to  increase  the  visual  appeal  of  the  roadsides  and  to  decrease 
the  amount  of  mowing  required  (Harrington,  1991).  However,  human  actions  have  added 
factors  unnatural  to  the  native  species.  The  use  of  salt  for  winter  deicing  is  altering  the 
roadside  environment.  Salt  spray  is  known  to  inhibit  growth,  and  in  some  cases,  to  kill 
roadside  vegetation  (Davison,  1971;  Hughes  et  al.,  1975;  Sucoff,  1975;  Morton  Arbore¬ 
tum).  In  the  winter  of  2000-2001,  the  Illinois  Department  of  Transportation  (IDOT)  used 
590,000  tons  of  salt  or  535,239  metric  tons  on  42,600  lane-miles  of  highway  (a  lane-mile 
is  an  area  of  pavement  one  lane  wide  and  one  mile  long;  Clough,  pers.  comm.,  2001). 
This  amount  corresponds  to  about  five  lbs.  /road  ft  or  2.3  kg/road  ft.  A  road-foot  is  one 
lane  wide  and  a  length  of  1  foot. 
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Much  of  the  research  on  the  effects  of  salt  has  been  done  on  halophytes,  salt  tolerant 
plants.  Katembe  et  al.  (1998)  tested  whether  salt  had  a  toxic  effect  on  seeds,  or  if  changes 
in  seed  germination  were  a  result  of  osmotic  influence.  Several  studies  on  halophytes 
showed  that  salinity  affects  imbibition  of  water  by  seeds,  and  that  some  salt  treated  seeds 
would  germinate  after  being  washed  with  distilled  water  (Macke  and  Ungar,  1971;  Red- 
mann,  1972;  Keiffer  and  Ungar,  1997;  Bajji  et  al.,  2002). 

Everitt  et  al.  (1983)  studied  the  introduced  and  naturalized  plant  Kochia  scoparia,  com¬ 
monly  found  on  roadsides  and  waste  areas.  Germination  was  not  affected  at  conductance 
up  to  20  mmhos  or  20  decisiemens/m  (dS/m;  Pearcy  et  al.,  1991).  A  study  of  five  grass 
species  found  that  forage  yield  or  biomass  production  was  reduced  at  higher  salt  levels, 
and  emergence  was  delayed  (Hughes  et  al.,  1975).  The  salinity  tolerance  of  turf  grasses 
such  as  Kentucky  bluegrass  {Poa  pratensis  L.)  has  also  been  studied  in  the  greenhouse 
and  in  the  field  to  determine  the  effect  on  forage  yield  (Woods,  1996). 

The  impact  on  native  plants  is  less  well  documented  than  for  forage  or  crop  plants.  Ful- 
bright  (1988)  studied  salinity  impact  on  varieties  of  Indian  grass  (Sorghastrum  nutans 
L.),  a  native  warm-season  grass  used  for  range  seeding.  The  study  was  to  determine  the 
effects  of  salinity  and  other  factors  on  germination  of  Indian  grass  varieties.  Percent  ger¬ 
mination  was  reduced  in  all  varieties.  Harrington  and  Meikle  (1992)  measured  road  salt 
effects  on  prairie  species  used  in  Wisconsin  roadside  plantings.  In  greenhouse  testing 
using  NaCl,  all  species  showed  reduced  germination  and  growth  at  concentrations  of  5 
g/L  or  higher.  Results  of  a  study  conducted  on  early  goldenrod  (Solidago  juncea)  and 
slender  wheatgrass  {Agropyron  trachycaulum)  suggested  that  roadside  populations  of  the 
two  species  evolved  higher  salt  tolerance  than  non-roadside  populations  (Pitelka  and 
Kellogg  1979). 

Although  the  use  of  native  plants  could  reduce  the  cost  of  maintaining  rights-of-way, 
increase  habitat  for  native  fauna,  and  increase  the  scenic  beauty  of  our  roadways,  native 
seeds  can  be  expensive.  Salt-tolerant  nonnative  road  mix  seed  costs  from  $5 80/ha  to 
$667/ha,  whereas  native  forb  seed  costs  from  $  1,670/ha  to  $6,920/ha  (Conserv  FS,  2007; 
Tri  County  Stockdale  Company  of  Joliet,  2007).  The  seed  mix  should  be  formulated  for 
diversity  and  the  ability  to  survive  the  sometimes  harsh  roadside  conditions.  By  analyzing 
the  ability  of  species  to  survive  exposure  to  a  seasonally  saline  environment,  seed  mixes 
can  be  developed  for  the  greatest  chance  of  success.  This  study  measured  the  germination 
of  native  species  under  a  range  of  saline  conditions  in  the  laboratory  and  compared  these 
results  to  seedling  establishment  in  field  plots.  Two  predictions  were  tested:  1)  that  salt 
solution  concentrations  resulting  from  typical  rates  of  road  salt  application  would  inhibit 
seed  germination  and  seedling  establishment,  and  2)  that  seed  germination  responses  in 
the  field  among  study  species  would  be  similar  to  germination  responses  in  the  laboratory 
at  similar  salt  solution  concentrations. 


METHODS 


Soil  Salinity 

Soil  samples  were  collected  from  the  margin  of  Illinois  Rt.  50,  a  north-south  four-lane 
road,  on  April  3  and  7,  2001.  Samples  were  collected  from  two  stretches  of  road,  Bradley 
to  Manteno  (6  km)  and  Manteno  to  Peotone  (7  km)  in  northeast  Kankakee  County  and 
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southeast  Will  County.  Both  sections  of  road  have  remnant  prairie  on  the  west  side 
between  the  road  and  the  parallel  Illinois  Central  Railroad  tracks.  Samples  were  collected 
every  0.8  km  on  alternating  sides  of  the  road.  Samples  were  collected  at  the  edge  of  the 
gravel  parking  strip,  the  bottom  of  the  drainage  ditch,  and  the  outer  edge  of  the  drainage 
ditch  and  sealed  into  plastic  bags.  Distances  from  the  edge  of  the  pavement  varied  from 
3-5  meters  due  to  variations  in  the  roadside  structure.  Soil  samples  were  collected  using  a 
7.6  cm  diameter  soil  auger,  to  a  depth  of  8  cm.  All  soils  collected  were  silt  loams  or  silty 
clay  loams.  Samples  comprised  Andres,  Beecher,  Elliott,  Symerton  and  Varna  silt  loams; 
and  Ashcum,  Elliott  and  Pella  silty  clay  loams  (Hanson,  2004;  Deniger,  2005). 

Soil  samples  were  weighed,  dried  for  24  hrs,  and  re  weighed  to  determine  water  content. 
A  10  g  dry  weight  subsample  of  each  soil  sample  was  mixed  with  100  ml  of  distilled 
water,  and  salt  concentration  of  the  solution  was  determined  using  a  YSI  Model  33  S-C-T 
conductivity  meter  (Yellow  Spring  Instrument  Co.,  Yellow  Springs,  Colorado).  A  cali¬ 
bration  curve,  generated  using  known  concentrations,  was  then  used  to  determine  salt 
concentrations  of  soil  samples. 

Soil  samples  also  were  collected,  using  the  same  methods  as  described  above,  from  field 
plots  on  the  campus  of  Governors  State  University  at  the  conclusion  of  this  study  in  July 
2002,  to  compare  the  salinity  levels  in  the  field  study,  the  roadside  samples,  and  treat¬ 
ments  used  in  the  lab. 

Species  selection 

The  species  used  in  both  the  laboratory  and  field  portions  of  this  study  were  butterfly 
milkweed  (Asclepias  tuber osa  L.:  Asclepiadaceae),  pale  purple  coneflower  {Echinacea 
pallida  Nutt.:  Asteraceae),  rattlesnake  master  {Eryngium  yuccifolium  Michx.:  Apiaceae), 
rough  blazing  star  {Liatris  aspera  Michx.:  Asteraceae),  Ohio  spiderwort  {Trade scantia 
ohiensis  Raf.:  Commelinaceae),  little  bluestem  {Schizachyrium  scoparium  Michx.: 
Poaceae),  and  prairie  dropseed  {Sporobolus  heterolepis  L.:  Poaceae).  These  species, 
commonly  used  in  roadside  plantings,  are  generally  found  in  mesic  to  xeric  environ¬ 
ments.  Species  that  customarily  have  bacterial  inoculation  were  not  included  in  this  study 
because  the  salt  might  have  influenced  the  bacteria  and  not  the  seeds. 

Laboratory  study 

Because  seeds  of  the  study  species  require  cold  stratification  for  germination,  during 
April  2002  seeds  were  dark  stratified  in  a  Percival  Scientific  Model  RE-9BH  environ¬ 
mental  chamber  at  3°  C  for  30  days.  Seeds  then  were  placed  in  petri  dishes  with  filter 
paper  wetted  with  the  appropriate  salt  solution  so  that  the  filter  paper  was  saturated,  but 
the  seeds  were  not  in  standing  water.  Eive  dishes  with  20  seeds  per  dish  were  used  at  each 
of  five  salinity  levels.  The  five  salt  solutions  were  distilled  water  for  the  control  and  0.25 
g/L,  0.5  g/L,  1.0  g/L,  and  2.0  g/L  solutions  of  road  salt  in  distilled  water.  These  salinity 
levels  were  determined  from  the  soil  samples  and  other  research  (Redmann,  1972; 
Hughes  et  al.,  1975;  Everitt  et  al.,  1983;  Eulbright,  1988;  Harrington  and  Meikle,  1992). 

Road  salt  obtained  from  Governors  State  University  (Cargill  bulk  ice  control  salt,  Avery 
Island,  LA)  was  used  in  the  salt  solutions  to  keep  conditions  as  realistic  as  possible.  The 
road  salt  contained  99%  and  1%  osmotic  equivalents  of  NaCl  and  CaCl2,  respectively. 
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Consequently,  the  0.25  g/L,  0.5  g/L,  1.0  g/L  and  2.0  g/L  salt  solutions  were  equivalent  to 
approximately  0.009  M,  0.018  M,  0.035  M  and  0.070  M  solutions. 

After  seeds  were  placed  in  petri  dishes,  3  ml  of  salt  solution  was  added  to  each  dish  and 
the  dishes  were  sealed  using  Parafilm®.  Because  the  relationship  between  conductivity 
and  solute  water  potential  varies  with  the  specific  ions  present  (Pearcy  et  al.,  1991),  a 
standard  curve  was  constructed  to  determine  the  relationship  between  salt  concentration 
(g/L)  and  conductance  (umhos). 

Petri  dishes  were  maintained  at  a  12hr/12hr  light/dark  cycle  at  25°  C/15°  C  for  six  weeks 
and  25°  C/20°  C  for  two  more  weeks.  Dishes  were  checked  weekly  and  distilled  water 
added  as  needed  to  maintain  the  salt  concentration  levels.  Germinants  were  counted  and 
removed  to  prevent  any  possible  allelopathic  impact.  Seeds  were  considered  germinated 
when  the  radicle  was  longer  than  3  mm. 

Field  study 

A  field  study  area  was  established  in  old  field  vegetation  on  the  campus  of  Governors 
State  University.  The  area  selected  was  away  from  the  main  campus  and  any  major 
roadways  or  parking  lots  that  might  be  salted.  The  soil  type  was  a  Frankfort  silty-clay 
loam.  A  randomized  block  design  with  five  blocks  was  used;  each  block  contained  four  1 
m^  plots.  Each  block  included  all  treatments.  Blocks  were  chosen  on  level  ground  to 
avoid  drainage  from  one  treatment  to  another.  Treatments  were  randomly  assigned  to 
plots  within  each  block. 

The  plots  were  mowed,  treated  with  the  herbicide  Round-up®,  and  surface  tilled  in 
August  2001.  The  area  within  0.5  m  of  the  edges  was  trimmed  to  minimize  competition 
from  outside  the  study  area.  Seeds  were  planted  in  September  2001  to  allow  for  natural 
stratification  over  the  winter.  Seeds  were  planted  2-3  cm  apart  in  two  rows  within  each 
plot  with  50  seeds/species/row.  Rows  were  6  cm  apart.  Road  salt  identical  to  that  used  in 
the  laboratory  study  was  surface  applied  without  removing  snow,  after  snow  falls  meas¬ 
uring  at  least  5  cm.  The  winter  was  unusually  mild  and  no  major  snow  occurred  until 
January  21,  2002.  Road  salt  application  dates  were  January  21,  February  2  and  4  and 
March  4  and  25,  2002.  The  four  cumulative  salt  treatment  rates  in  this  study  were  0,  1,2, 
and  3  kg/m^  over  the  five  application  dates.  The  rate  of  application  used  by  IDOT  is  esti¬ 
mated  at  5-lbs/road  ft  or  2.4  kg/m^  (Clough,  pers.  comm..,  2001),  based  on  one  road  foot 
being  approximately  10  ft“.  Plots  were  checked  weekly  during  May  and  June  2002,  and 
the  seedlings  were  identified  and  counted.  Plots  were  fenced  in  the  spring  when  it  was 
noticed  that  deer  had  been  scraping  at  the  ground,  especially  in  the  3  kg/m^  treatment 
plots.  Total  germination  per  treatment  was  compared  using  a  Kruskal-Wallis  test  for  tied 
ranks  and  nonparametric  Nemenyi  tests  (Zar,  1999). 

RESULTS 


Soil  salinity 

Salinity  of  soil  samples  varied  with  distance  from  the  road  (Table  1),  with  salinities  of 
samples  taken  from  the  parking  strip  slightly  higher  and  soil  samples  taken  farthest  from 
the  road  with  the  lowest  salinity  levels.  Salinities  increased  slightly  from  Manteno  to 
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Peotone;  this  trend  may  reflect  different  application  rates  between  Kankakee  and  Will 
counties. 

Soil  samples  collected  from  the  field  study  area  for  comparison  had  the  expected  varia¬ 
tion  between  treatment  levels  (Table  2).  The  values  measured  on  the  roadside  fell  into  the 
range  of  concentrations  found  in  the  field  study.  The  highest  application  rate,  3  kg/m^, 
was  at  the  high  range  of  the  concentrations  found  in  the  road  samples. 

Laboratory  study 

Germination  for  most  species  varied  from  28%  to  88%  with  the  exception  of  spiderwort, 
that  had  less  than  1%  germination  (Fig.  le)  and  rattlesnake  master  that  did  not  germinate 
in  the  first  trial.  A  second  set  of  petri  dishes  was  prepared  using  rattlesnake  master  from  a 
different  seed  source,  resulting  in  better  germination.  Results  for  rattlesnake  master 
(0.10<p<0.25:  hereafter  results  of  Kruskal- Wallis  test  unless  otherwise  noted)  and  but¬ 
terfly  milkweed  (p>0.  995)  showed  no  germination  difference  at  any  levels  of  salinity. 
Pale  purple  coneflower  (0.05<p<0.1)  showed  a  slight  decrease  in  germination  at  the 
highest  levels  of  application  (Fig.  lb).  Blazing  star  had  the  only  major  difference  (0.  025 
<p<0.05),  with  lowest  germination  rates  occurring  at  the  highest  concentration  of  2  g/L 
(Fig.  la).  Little  bluestem  showed  little  overall  variation  (0.  25<p<0.5)  but  a  slight 
increase  in  germination  at  the  2.0g/L  concentration  (Fig.  Ic).  Prairie  dropseed  seemed  to 
have  a  slight  increase  in  germination  at  0.5g/L  (Fig  Id)  but  the  overall  change  was  not 
significant  (0.05<p<0.1). 

Field  study 

Three  species,  spiderwort  (p<0.  01),  butterfly  milkweed  (p<0.  001),  and  pale  purple 
coneflower  (p<0.  005)  had  germination  differences  due  to  salinity.  Spiderwort  (Fig.  2e) 
germination  was  most  affected  at  2  kg/m2.  Butterfly  milkweed  (Fig.  2g)  showed  a 
decline  even  with  the  lowest  application  rate  of  lkg/m2  (Nemenyi  test  p=0.05).  Blazing 
star  germination  (Fig.  2a)  also  declined  rapidly  even  at  the  lowest  application  rate  with 
8.5%  germination  in  the  control  plots,  1.5%  germination  at  1  kg/m2,  and  no  germinants  at 
the  higher  levels.  Pale  purple  coneflower  (Fig.  2b)  had  the  highest  control  germination 
rate  at  96%.  Germination  declined  significantly  at  2  kg/m2,  but  this  species  still  had  the 
highest  germination  rate  of  all  species  at  that  salinity. 

Rattlesnake  master  (Fig.  2f)  had  low  germination  and  did  not  show  an  overall  statistical 
difference  (0.25<p<0.5).  However,  rattlesnake  master  appeared  to  have  an  increase  in 
germination  at  the  medium  salinity  levels,  with  the  highest  germination  rates  occurring  at 
2  kg/m2,  and  a  decline  in  germination  rate  at  3  kg/m2  application  rate. 

The  grasses,  little  bluestem  (Fig.  3c)  and  prairie  dropseed  (Fig.  3d),  had  low  germination 
levels  even  in  the  control  plots;  consequently  the  data  were  not  statistically  analyzed. 

DISCUSSION 

The  results  of  this  experiment  indicate  that  saline  concentrations  typical  of  roadside 
application  can  inhibit  germination  of  the  tested  native  species.  However,  the  levels 
needed  to  inhibit  germination  may  not  be  present  where  native  species  are  growing.  The 
highest  concentrations  of  salt  in  this  study  were  in  the  areas  closest  to  the  road,  3-5 
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meters  from  the  edge  of  the  road.  These  areas  are  often  mowed  and/or  sprayed  to  control 
growth  of  all  plants.  Areas  planted  with  native  species  are  farther  from  the  road,  often  at 
distances  of  10-20  meters.  Soil  samples  collected  farthest  from  the  road  in  this  study  had 
salinity  levels  at  or  below  the  levels  that  caused  a  significant  decrease  in  germination  in 
the  lab  (2g/L)  and  in  the  field  (1  kg/m^). 

The  species  with  highest  germination  rates  even  at  high  salt  concentrations  in  the  field 
were  pale  purple  coneflower,  spiderwort,  and  butterfly  milkweed.  Pale  purple  coneflower 
had  the  highest  germination  levels  at  all  salt  application  levels.  Because  these  three  spe¬ 
cies  also  have  high  visual  appeal  and  are  prolific  seeders,  use  of  these  species  along  road¬ 
sides  seems  appropriate.  It  would  be  interesting  to  determine  if  these  levels  would  have 
the  same  effect  on  mesic  and  wet  prairie  species.  Unexpectedly,  plant  species  showed 
less  seed  germination  inhibition  in  the  laboratory  study  than  in  the  field  study,  most  likely 
because  the  highest  salt  concentration  used  in  the  laboratory  study  (2  g/L)  was  equivalent 
to  only  the  mid  range  of  the  salt  application  rates  used  in  the  field  study  (Table  2). 
Because  germination  occurred  primarily  during  the  spring  months,  but  soil  samples  were 
not  collected  from  field  plots  for  salt  concentration  determinations  until  July,  soil  salt 
concentrations  during  seed  germination  may  well  have  been  even  higher  than  measured 
from  the  soil  samples. 

It  is  challenging  to  compare  this  study  to  other  studies,  as  different  units  and  methods  for 
measuring  the  amount  of  salt  in  the  samples  were  frequently  used.  Harrington  and  Meikle 
(1992),  measuring  salinity  in  ppm  in  six-inch  plastic  pots,  found  significant  declines  in 
seed  germination  at  300-400  ppm,  similar  to  0.25  to  0.50  g/L  used  in  this  study.  Fulbright 
(1988),  using  molarity,  found  a  significant  decline  at  0.12  M,  approximately  equal  to  3.4 
g/L  in  this  study.  This  concentration  is  higher  than  all  of  the  concentrations  used  in  our 
laboratory  experiment,  and  is  near  the  high  extreme  for  soil  samples  collected  from  the 
roadside  or  from  our  field  experiment.  Harrington  and  Meikle  (1992)  and  Ungar  (1974) 
also  noted  that  salinity  could  delay  germination.  This  result  may  become  a  factor  if  the 
delay  decreases  the  competitiveness  of  the  native  species  to  introduced  cool-season 
grasses.  Saline  conditions  may  also  affect  the  ability  of  mycorrhizal  fungi  and  symbiotic 
bacteria  in  legumes  to  survive. 

Overall,  road  salt  application  appeared  to  have  a  minimal  impact  on  the  establishment  of 
native  prairie  species  in  this  study.  It  was  surprising,  however,  to  find  such  high  levels  of 
salt  remaining  in  the  field  plots  at  the  end  of  the  experiment.  If  salt  can  persist  in  the 
soils,  this  may  allow  for  a  long  term,  cumulative  effect  on  seed  germination  and  plant 
survival.  Other  factors,  however,  such  as  invasive  alien  species,  are  probably  a  bigger 
threat  to  establishment  and  survival  of  Midwestern  native  plant  species.  Although  salt 
application  can  have  detrimental  effects  on  some  native  species  and  natural  ecosystems 
(Environment  Canada,  2001;  Kaushal  et  al.  2005),  results  from  this  study  suggest  that 
application  of  salt  along  Midwestern  roadsides  is  not  a  major  impediment  to  establish¬ 
ment  of  plant  species  native  to  mesic  to  dry  tallgrass  prairie. 
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Table  1.  Soil  salt  concentrations  (g/L)  from  samples  collected  every  0.8  km  along  13  km 
of  Illinois  Rt.50  in  Will  and  Kankakee  Counties,  March  2001 . 


Location  of  soil  sample 

Bradley-Manteno  (6  km) 

Manteno-Peotone  (7  km) 

collection 

(mean  ±  S.E.,  n  =  8) 

(mean  ±  S.E.,  n  =  10) 

Parking  Strip 

2.53  ±  1.20 

4.58  ±2.87 

Roadside  Ditch 

2.26  ±  1.51 

3.16±  1.79 

Outside  Ditch 

1.64  ±  1.27 

2.43  ±  2.03 

Table  2.  Soil  salt  concentrations  (g/L)  from  field  plots,  Governors  State  University  cam¬ 
pus,  July  2002.  Road  salt  was  applied  from  January  to  March  2002. 


Road  salt  application  rate 

0  kg/m^ 

1  kg/m^ 

2  kg/m^ 

3  kg/m^ 


Soil  salt  concentration 
(mean  ±  S.E.,  n  =  5) 

0.15±0.10 
1.38  ±0.70 
2.21  ±  1.15 
4.04  ±  2.05 


Median  Gemiination  Median  Gennination  Median  Gennination 
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Fig.  1 .  Percent  germination  (median  ±  range)  of  seven  prairie  species  in  petri  dishes  with 
road  salt  concentrations  of  0, 0.25, 0.5,  1 .0,  and  2.0  g/L  of  water. 
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Fig.  2.  Percent  germination  (median  ±  range)  of  seven  prairie  species  in  field  plots  in 
northeastern  Illinois  with  the  application  of  0  kg/m2,  1  kg/m2,  2  kg/m2,  and  3 
kg/m2  of  road  salt.  □  =  statistical  significance  (p  <  0.05) 
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ABSTRACT 

Sixty-nine  species  of  lichens  are  reported  from  the  Joliet  Military  Training  Area,  near 
Elwood,  Illinois.  Thirty-one  species  are  of  the  crustose  growth  form,  27  are  foliose,  8  are 
fruticose  and  3  are  squamulose.  Twenty-six  species  are  considered  to  be  rare,  19  are 
common,  13  are  occasional  and  11  are  frequent.  Crataegus  mollis  is  the  most  commonly 
occupied  corticolous  substrate,  weathered  dolomite  is  the  most  common  saxicolous  sub¬ 
strate  and  weathered  wood  is  the  most  common  lignicolous  substrate.  Lichens  were  also 
found  growing  on  other  substrates  such  as  deer  bones,  prickly  pear  cactus  pads,  rusted 
metal,  caulking  and  aluminum  foil.  Nearly  2/3  of  all  lichens  known  from  Will  County 
were  found  in  this  study  indicating  that  lichens  are  a  key  componant  of  the  ecosystem 
here.  A  key  to  the  lichen  flora  of  the  Joliet  Military  Training  Area  is  provided  as  well  as 
information  on  their  habitats,  abundance  and  distribution. 


INTRODUCTION 

This  project  was  undertaken  to  document  and  collect  voucher  specimens  of  the  lichen 
flora  of  the  Joliet  Military  Training  Area,  develop  an  identification  key  to  the  lichen  flora 
there  and  provide  information  on  their  habitats,  abundance  and  distribution.  No  previous 
work  has  been  devoted  to  the  lichen  flora  of  the  Joliet  Military  Training  Area. 

The  Joliet  Military  Training  Area  (JMTA)  is  a  Federally  owned  natural  area  managed  by 
the  United  States  Army.  It  is  located  approximately  80  km  southwest  of  downtown  Chi¬ 
cago,  near  the  city  of  Elwood,  in  Will  County,  Illinois  (Figure  1).  With  its’  close  proxim¬ 
ity  to  the  Midewin  National  Tallgrass  Prairie,  and  other  natural  areas  in  Will  and  sur¬ 
rounding  counties,  the  JMTA  lies  within  the  Prairie  Parklands  Ecosystem  Partnership,  an 
area  of  approximately  382,500  hectares  of  land  largely  consisting  of  agricultural  and 
natural  areas  (Illinois  Department  of  Natural  Resources,  2001). 

According  to  Swink  and  Wilhelm  (1994),  the  natural  divisions  described  for  the  Chicago 
region  that  occur  at  the  JMTA  include  the  Grand  Prairie  Section  and  the  Bedrock  Valley 
Section  of  the  Grand  Prairie  Natural  Division.  The  topography  is  gently  rolling  to  nearly 
level.  Elevations  range  from  159  meters  to  195  meters  above  sea  level.  Jackson  Creek 
and  its’  tributaries  drain  the  southern  half  of  the  JMTA  before  entering  the  Des  Plaines 
River  in  the  northwest  section. 
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The  climate  is  considered  temperate  with  cool  winters  and  hot  summers  (Wood,  2001). 
The  average  temperature  in  January  ranges  from  a  high  of  -1.67°  C  to  a  low  of  -10.6°  C. 
The  average  July  temperature  ranges  from  a  high  of  28.7°C  to  a  low  of  17.0°  C.  Average 
precipitation  is  91  cm  with  97  cm  occurring  as  snow. 

DESCRIPTION  OF  THE  STUDY  AREA 

The  JMTA  is  divided  into  6  management  units  ranging  in  size  from  101  hectares  to  405 
hectares.  These  management  units  serve  as  tactical  areas  for  military  training,  pistol 
ranges  for  police  department  target  practice  and  management  zones  for  deer  and  bird 
hunting.  Two  additional  management  units  owned  by  the  United  States  Forest  Service, 
which  abut  the  JMTA,  are  also  included  in  this  study.  Total  combined  land  area  of  the 
JMTA  and  U.  S.  Forest  Service  lands  is  approximately  1,775  hectares. 

A  brief  description  of  each  management  unit  follows  and  includes  lichen  substrates, 
location  and  size: 

Management  Unit  1 

Topography  is  somewhat  level  with  elevations  averaging  152  meters  to  159  meters  above 
sea  level.  The  woody  vegetation  consists  mainly  of  thickets  of  Crataegus  mollis. 
Throughout  this  unit,  exposed  beds  of  dolomitic  flagstone  occur,  as  well  as  granitic 
erratics.  Human  influences  include  abandoned  buildings,  concrete  roadbeds  and  a  gravel 
pit. 

Management  Unit  2 

Topography  is  gently  rising  with  elevations  averaging  168  meters  to  183  meters  above 
sea  level.  The  woody  vegetation  includes  second  growth  woodlands  (Celtis  occidentalis, 
Crataegus  mollis,  Maclura  pomifera  and  Populus  deltoides)  as  well  as  a  few  groves  of 
oaks  (Quercus  alba,  Q.  imbricaria  and  Q.  macrocarpa).  In  these  woodlands  however,  the 
ground  layer  was  shaded  and  lichens  were  uncommon.  The  remaining  habitat  consisted 
of  old  fields  dominated  by  a  weedy  native  and  alien  flora.  Along  the  western  edge  of  this 
unit,  exposed  beds  of  dolomite  occur  as  well  as  granitic  erratics.  Human  influences 
include  gravel  roads  and  old  building  foundations. 

Management  Unit  3 

Topography  is  gently  rising  with  elevations  averaging  162  meters  to  183  meters  above 
sea  level.  Some  habitats  included  upland  woodlands  {Acer  saccharum,  Carya  cordi- 
formis,  C.  ovata,  Prunus  serotina  and  Quercus  alba)  and  flood  plains  near  ponds  and  low 
areas  {Acer  saccharinum,  Juglans  nigra  and  Ulmus  americana).  The  understory  of  the 
woodland  habitats  was  shaded  and  lichens  were  uncommon.  The  remaining  habitat  con¬ 
sisted  of  old  fields  dominated  by  a  weedy  native  and  alien  flora.  Human  influences 
included  concrete  and  dolomite  gravel  roads. 

Management  Unit  4 

Topography  is  gently  rising  with  elevations  averaging  170  meters  to  183  meters  above 
sea  level.  Exposed  beds  of  dolomitic  gravel  deposits  occur.  Mature  forests  {Primus 
serotina  and  Quercus  spp.)  and  second  growth  woodlands  {Acer  negundo,  Crataegus 
mollis,  Populus  deltoides  and  Ulmus  americana)  also  occur  throughout.  Lichens  were 
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more  common  in  sunnier  areas  along  edges  of  woods  or  on  open  grown  Crataegus  mollis 
and  Rhus  glabra.  Human  influences  include  the  planting  of  corn  {Zea  mays)  to  attract 
wildlife. 

Management  Unit  5  North  &  5  South 

Topography  is  gently  rising  with  elevations  averaging  178  meters  to  195  meters  above 
sea  level.  Jackson  Creek  flows  through  parts  of  Unit  5  dividing  it  into  north  and  south 
sections.  Old  fields  dominated  by  a  weedy  native  and  alien  flora  occur  in  the  northern 
half  of  Unit  5.  Second  growth  forests  {Acer  negundo,  Crataegus  mollis,  Gleditsia  tria- 
canthos,  Madura  pomifera,  Populus  deltoides,  Prunus  serotina,  and  Ulmus  americana) 
cover  most  of  the  remainder  of  this  site.  Oak  woodlands  {Quercus  spp.)  occur  at  the 
southeast  corner.  Human  influences  include  the  planting  of  corn  {Zea  mays)  to  attract 
wildlife. 

Management  Unit  6 

Topography  is  relatively  level  with  elevations  averaging  186  meters  to  189  meters  above 
sea  level.  Mowed  grass  fields  for  military  training  are  found  here  dominated  by  alien 
species  {Poa  spp.).  Scattered  second  growth  woodlands  {Acer  negundo,  Celtis  occiden- 
talis,  Crataegus  mollis,  Fraxinus  pennsylvanica  var.  subintegerrima,  Juglans  nigra  and 
Madura  pomifera)  also  occur.  Old  fields  with  a  weedy  native  and  alien  flora  dominate 
much  of  the  remainder  of  this  unit.  Lichens  were  mainly  found  in  a  few  scattered  groves 
of  trees. 

Management  Unit  7  -  U.S.  Forest  Service  Property 

Topography  is  gently  rising  with  elevations  averaging  162  meters  above  sea  level.  Vege¬ 
tation  in  this  unit  consists  mainly  of  brush  thickets  {Crataegus  mollis  and  Gleditsia  tria- 
canthos)  and  abandoned  farm  fields  influenced  by  a  weedy  native  and  alien  flora.  Some 
Acer  /  Quercus  woodlands  occur  on  the  east  side  of  Jackson  creek. 

Management  Unit  8  -  U.S.  Forest  Service  Property 

Topography  is  gently  rising  with  elevations  averaging  182  meters  to  194  meters  above 
sea  level.  Vegetation  consisted  mainly  of  second  growth  woodlands  {Acer  negundo,  A. 
saccharinum,  Crataegus  mollis  and  Fraxinus  pennsylvanica  var.  subintegerrima)  with  a 
mixture  of  oak  forest  {Quercus  alba,  Q.  imbricaria,  Q.  macrocarpa).  Human  influences 
include  abandoned  farm  fields  and  old  home  sites. 

MATERIALS  AND  METHODS 

On  6  occasions  during  the  summer  and  fall  of  2000,  6  occasions  during  the  summer  and 
fall  of  2001,  and  4  occasions  during  the  fall  of  2003,  the  JMTA  was  surveyed  to  docu¬ 
ment  the  lichen  flora  found  there.  An  attempt  was  made  to  collect  and  identify  lichens 
from  as  many  types  of  habitats  as  possible,  ranging  from  woodlands  and  grasslands,  to 
human  influenced  landscapes.  Surveys  were  conducted  by  walking  each  of  the  manage¬ 
ment  units  for  2  hours  with  all  lichens  found  identified  in  that  period.  This  technique  was 
repeated  at  all  8  management  units. 

To  assist  in  lichen  identification,  tests  for  chemical  substances  produced  by  lichens  were 
made  on  specimens  with  two  chemical  reagents:  calcium  hypochlorite  [Ca(C10)2,  abbre- 
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viated  as  C]  and  potassium  hydroxide  [KOH,  abbreviated  as  K]  and  follow  Hale  (1973). 
Some  species  of  lichens  contain  acids,  which  react  to  these  reagents,  resulting  in  color 
changes  of  their  upper  cortex  (upper  fungal  layer)  or  medulla  (middle  fungal  layer).  The 
presence  or  absence  of  reactions  between  these  acids  and  these  reagents  were  used  to 
identify  some  lichen  species. 

The  abundance  and  distribution  of  the  lichen  flora  was  determined  by  counting  the  num¬ 
ber  of  management  units  each  lichen  was  found  in  and  assigning  that  species  an  abun¬ 
dance  category.  Assignment  of  abundance  categories  was  based  on  the  following  criteria: 
rare  (found  at  1  management  unit),  occasional  (2-3  management  units),  frequent  (4-5 
management  units)  and  common  (6-8  management  units).  These  abundance  categories 
refer  to  values  relative  to  the  management  units  in  this  study  and  not  necessarily  to  the 
rest  of  Will  County. 

The  growth  form  of  each  lichen  was  determined: /o//6)5^  (leaf-like),  crustose  (crust-like), 
jruticose  (shrub-like)  or  squamulose  (scale-like).  The  substrates  upon  which  each  lichen 
was  growing  were  also  noted:  terricolous  (clay  or  soil),  saxicolous  (concrete,  dolomite, 
or  granite),  corticoloiis  (the  bark  of  trees  or  shrubs),  lignicolous  (wood  or  decorticate 
logs)  or  other  (rusted  metal,  animal  bones,  fungi,  mosses,  etc.).  Nomenclature  and  species 
concepts  for  vascular  plants  identified  as  substrates  follow  Dirr  (1998)  or  Swink  and 
Wilhelm  (1994). 

All  lichen  collections  are  deposited  in  the  herbarium  at  the  Morton  Arboretum  (MOR), 
Lisle,  Illinois. 


RESULTS  AND  DISCUSSION 

Sixty-nine  species  of  lichens  in  37  genera  are  reported  for  the  Joliet  Military  Training 
Area.  Thirty-one  (45%)  lichens  are  crustose,  27  (39%)  are  foliose,  8  (12%)  are  fruticose 
and  3  (4%)  are  squamulose.  Twenty-six  species  (38%)  are  considered  to  be  rare,  19 
(28%)  are  common,  13  (18%)  are  occasional  and  11  (16%)  are  frequent.  Eight  lichens 
{Arthonia  caesia,  Caloplaca  cf.  crenulatella,  Candelaria  concolor,  Lecanora  dispersa, 
Phaeophyscia  pusilloides,  P.  rubropulchra,  Physcia  millegrana  and  P.  stellaris)  were 
found  at  all  management  units  and  are  generally  common  throughout  Will  County.  No 
lichens  found  here  are  threatened  or  endangered  in  Illinois. 

Of  the  26  lichens  that  are  rare,  19  of  them,  though  routinely  found  in  northern  Illinois, 
were  rare  at  the  JMTA  because  substrate  material  was  limited.  Field  work  by  the  author, 
and  a  search  of  herbarium  collections  at  the  Morton  Arboretum  (MOR),  Lisle,  Illinois 
and  Field  Museum  of  Natural  History  (F),  in  Chicago,  Illinois,  indicate  that  the  remaining 
seven  species  are  generally  rare  or  uncommon  in  northern  Illinois:  They  include:  Fla- 
vopunctelia  soredica,  Punctelia  missouriensis,  Usnea  strigosa  subsp.  major,  Verrucaria 
calciseda,  V.fayettensis,  V.fuscella  MidXanthoria  polycarpa. 

Lichens  were  found  on  44  different  species  of  trees  or  shrubs  (Appendix  I).  The  5  most 
common  corticolous  substrates  included  Crataegus  mollis  with  a  total  of  29  lichens,  fol¬ 
lowed  by  Fraxiniis  pennsylvanica  var.  americana  (20),  Populiis  deltoides  (18),  Acer 
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negimdo  and  Quercus  macrocarpa  (15).  Between  1  and  14  species  of  lichens  could  be 
found  on  the  remaining  trees  or  shrubs. 

Lichens  were  also  found  on  saxicolous  materials  such  as  weathered  dolomite  (23  spe¬ 
cies),  concrete  (16),  and  granite  (13).  The  saxicolous  flora  included  Caloplaca  spp., 
Endocarpon  pallidulum,  Lecanora  dispersa,  L.  muralis,  Sarcogyne  regularis  and  Verru- 
caria  calkinsiana. 

Lignicolous  substrates  included  materials  such  as  weathered  wood  (11  species)  and 
decorticate  logs  (10).  The  lignicolous  flora  included  Flavoparmelia  caperata,  Phaeophy- 
scia  rubropulchra,  Physcia  millegrana  and  Trapeliopsis  flexuosa. 

No  lichens  were  found  on  the  soil  in  any  of  the  old  fields,  but  a  few  species  were  found 
on  the  gravel  roads  that  traversed  these  fields.  These  species  included  Bacidia  coprodes, 
Caloplaca  cf.  crenulatella  and  Lecanora  dispersa. 

Lichens  were  found  growing  on  other  substrates  such  as  deer  bones,  prickly  pear  cactus 
pads,  rusted  metal,  caulking  and  aluminum  foil. 

Although  Calkins  (1896)  and  Wilhelm  (1998)  have  published  lichen  floras  that  included 
parts  of  Will  County,  Illinois,  no  known  lichenological  studies  have  been  dedicated  to  the 
Joliet  Military  Training  Area.  Calkins’  flora  of  Chicago  and  vicinity  comprised  about 
440,000  hectares  of  land  that  included  natural  features  such  as  morainal  deposits  of  clay 
and  gravel  and  dolomite  outcroppings,  as  well  as  woodland  and  prairie  habitats  -  all  of 
which  are  found  at  the  JMTA  today.  The  northern  boundry  of  the  JMTA  borders  the 
southern  boundry  of  Calkins  study  area,  and  thus  was  not  included  in  his  study.  Of  the 
125  species  of  lichens  reported  by  Calkins,  however,  only  28  were  found  at  the  JMTA. 
Wilhelm  reported  222  lichens  species  when  he  revisited  Calkins’  study  area  100  years 
later.  Sixty  lichen  species,  including  the  28  reported  by  Calkins,  were  found  here. 

Nine  species  of  lichens  {Caloplaca  species  #1,  #2  and  #3  sensu  JMTA  study,  Caloplaca 
cf.  crenulatella,  Caloplaca  subsoluta,  Candelariella  aurella,  Punctelia  missouriensis, 
Usnea  strigosa  subsp.  major  and  V err uc aria  calciseda)  are  reported  as  not  being  found  in 
either  of  the  two  aforementioned  floras. 

Nearly  2/3  of  all  lichens  known  from  Will  County  were  found  in  this  study  indicating  that 
lichens  are  a  key  componant  of  the  JMTA  ecosystem.  As  in  other  natural  areas  sur¬ 
rounding  the  JMTA  (e.g.  Will  County  Forest  Preserves)  the  lichen  flora  here  was  mainly 
found  on  the  trunks  and  lower  branches  of  trees  and  shrubs  growing  along  sunny  paths,  or 
in  open  situations,  where  they  were  able  to  find  sunlight.  This  growth  probably  occurs  in 
these  habitats  due  to  the  fact  that  the  algal  componant  of  these  organisims  is  photosyn¬ 
thetic.  While  the  JMTA  does  have  some  fine  examples  of  mature  oak  woodlands,  in  some 
areas  most  of  the  understory  is  so  shaded  that  even  vascular  plants  were  few  in  number. 
In  a  few  circumstances  lichens  were  found  only  because  branches  that  had  been  growing 
in  the  sunshine  of  the  upper  canopy  had  fallen  to  the  ground. 

The  most  common  tree  available  for  lichen  colonization  was  Crataegus  mollis',  a  tree 
armed  with  thorns  and  probably  passed  over  by  grazers  when  this  land  was  pastured.  Any 
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attempt  by  land  managers  to  restore  the  JMTA  to  prairie  would  require  the  removal  of 
this  tree.  Based  on  the  author’s  personal  observations,  however,  Crataegus  mollis  seems 
to  be  an  important  substrate  for  this  lichen  flora  and  removal  of  this  tree  could  jepardize 
the  lichen  population. 
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KEY  TO  GROUPS  &  GENERA  AND  ANNOTATED  SPECIES  LIST 


This  section  includes  a  key  to  the  groups  and  genera  of  the  lichens  of  the  Joliet  Military 
Training  Area.  Following  this,  arranged  alphabetically  by  genus  and  species,  is  an  anno¬ 
tated  species  list  with  abundance  and  distribution  information  and  a  brief  description  of 
habitat.  A  key  is  provided  for  each  genus  that  is  represented  at  the  Joliet  Military  Train¬ 
ing  Area  by  more  than  one  species.  All  collections  were  made  by  the  author  and  are 
identified  with  an  accession  number  following  the  substrate  upon  which  the  collection 
was  made  (e.g.  {Rhus  glabra  (#1234)).  Nomenclature  and  authorities  follow  Esslinger 
(2006).  At  least  one  representative  specimen  has  been  chosen  to  voucher  each  reported 
species. 


1. 

1. 


3(2). 

3. 

5(4). 

5. 


1. 

1. 


1. 

1. 

3(2) 

3. 

5(3) 

5. 


7(2). 


Fruiting  bodies  at  the  terminal  end  of  a  slender  black  stalk . PHAEOCALICIUM 

Fruiting  bodies  sessile  to  immersed,  not  at  the  terminal  end  of  a  slender  black  stalk,  or 

fruiting  bodies  absent  . 2. 

2(1).  Thallus  shrub-like  or  scale-like,  of  ascending  squamules;  fruiting  bodies,  if  present, 
on  simple  to  slightly  branched  podetia;  podetia  resembling  resembling  cups,  or 

pointed  or  blunt  clubs . I  -  FRUTICOSE  LICHENS 

2.  Thallus  and  fruiting  bodies  not  as  above . 3. 

Thallus  leaf-like,  loosely  attached  to  substrate  by  rhizines;  or  umbillicate,  attached  at  a 

single  point;  with  both  an  upper  and  lower  cortex  present . II  -  FOLIOSE  LICHENS 

Thallus  not  as  above . 4. 

4(3). Thallus  squamulose,  of  adnate  squamules . Ill  -  SQUAMULOSE  LICHENS 

4.  Thallus  crust  like,  tightly  attached  to  substrate,  lacking  a  lower  cortex . 5. 

Fruiting  bodies  absent . IV  -  STERILE  CRUSTOSE  LICHENS 

Fruiting  bodies  present . 6. 

6(5).  Fruiting  body  flask-like,  embedded  in  thallus  with  only  apex  visible,  opening  by  an 

apical  pore;  a  perithecium . V  -  CRUSTOSE  LICHENS  WITH  PERITHECIA 

6.  Fruiting  body  elongated,  rounded  or  disk-like,  sessile  with  upper  cortex;  an  apothe- 
cium . VI  -  CRUSTOSE  LICHENS  WITH  APOTHECIA 


I  -  FRUTICOSE  LICHENS 


Thallus  branches  hollow;  squamules  present . CLADONIA 

Thallus  branches  solid;  squamules  absent . USNEA 


II  -  FOLIOSE  LICHENS 


Thallus  umbillicate,  attached  to  substrate  by  a  central  cord  or  holdfast . 

. DERMATOCARPON 

Thallus  usually  attached  to  substrate  by  rhizines  and  not  a  central  cord . 2. 


2(1).  Thallus  some  shade  of  orange,  yellow,  or  yellowish  green . 3. 

2.  Thallus  some  shade  of  brown  or  gray . 7. 

Thallus  K+  violet . 4. 

Thallus  K- . 5. 

4(3).  Thallus  esorediate . XANTHORIA 

4.  Thallus  sorediate . XANTHOMENDOZA 


Thallus  yellow  (or  yellow  green  when  wet),  lobes  0.1 -0.3  mm  wide;  lower  surface  white . 

. CANDELARIA 

Thallus  yellow  green,  lobes  1 .5-8  mm  wide;  lower  surface  brown  to  black . 6. 

6(5).  Upper  cortex  with  white  pores;  medulla  C-i-  red;  lobes  4-8  mm  wide . 

. FLAVOPUNCTELIA 

6.  Upper  cortex  without  pores;  medulla  C-;  lobes  2-8  mm  wide....  FLAVOPARMELIA 
Thallus  brown,  brownish  gray,  greenish  gray,  or  dark  gray,  K- . 8. 
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7. 


9(8) 

9. 


11(7). 

11. 


13(11). 

13. 


1. 

1. 


1. 

1. 


1. 

1. 


1. 

1. 


3(1). 

3. 


Thallus  whitish  gray  to  bluish  gray,  K+  yellow  or  rarely  K- . 11. 

8(7).  Medulla  C+  red . MELANELIXIA 

8.  Medulla  C- . 9. 

Thallus  lobes  white  pruinose . PHYSCONIA 

Thallus  lobes  epruinose . 10. 

10(9).  Rhizines  absent,  thallus  tightly  attached  to  substrate .  HYPERPHYSCIA 

10.  Rhizines  present,  thallus  loosely  attached  to  substrate . PHAEOPHYSCIA 

Lower  surface  brown  to  black;  medulla  K+  yellow  turning  red;  thallus  sorediate . 12. 

Lower  surface  white  to  pale  tan;  medulla  K-  or  K+  yellow;  thallus  sorediate  or  not . 13. 

12(11). Upper  cortex  with  white  angular  markings;  margins  of  lobes  eciliate,  lobes  with 

squared  ends,  2-5  mm  wide,  rhizines  to  margin . PARMELIA 

12.  Upper  cortex  without  white  angular  markings;  margins  of  lobes  ciliate,  lobes  with 
rounded  ends,  6-20  mm  wide,  wide  marginal  zone  without  rhizines . 


PARMOTREMA 


Thallus  K- . PHYSCIELLA 

Thallus  K+  yellow . 14. 

14(1 3). Upper  cortex  with  white  pores;  medulla  C-  or  C-i-  red .  PUNCTELIA 

14.  Upper  cortex  without  white  pores;  medulla  C- .  PHYSCIA 


III  -  SQUAMULOSE  LICHENS 


Fruiting  body  a  perithecium . PLACIDIUM 

Fruiting  body  an  apothecium,  or  thallus  sterile . 2. 

2(1).  Photobiont  a  blue-green  alga;  thallus  growing  on  thin  soils  over  dolomite  bedrock; 

apothecia  immersed  in  upper  surface . HEPPIA 

2.  Photobiont  a  green  alga;  thallus  growing  on  sandy  soil,  clay,  gravel,  or  bark;  apothe¬ 
cia  absent . sterile  CLADONIA 


IV  -  STERILE  CRUSTOSE  LICHENS 


Thallus  leprose,  entirely  sorediate . LEPRARIA 

Thallus  not  entirely  sorediate,  partially  corticated . 2. 

2(1).  Thallus  lemon  yellow ,  C- .  C ANDELARIELLA 

2 .  Thallus  greenish  gray ,  C-f-  pink . TRAPELIOPSIS 


V  -  CRUSTOSE  LICHENS  WITH  PERITHECIA 

Thallus  corticolous,  thin,  whitish  or  gray;  spores  1-3  septate,  with  one  larger  cell . 

. ANISOMERIDIUM 

Thallus  saxicolous;  thallus  and  spores  not  as  above . 2. 

2(1).  Thallus  brown  (or  green  when  wet),  squamulose;  spores  muriform  ENDOCARPON 

2.  Thallus  white  or  gray,  thick  or  thin,  immersed  in  substrate  or  superficial;  spores  sim¬ 
ple,  non-septate .  VERRUCARIA 

VI  -  CRUSTOSE  LICHENS  WITH  APOTHECIA 

Apothecia  elongated  or  irregular;  thallus  a  thin  crust  or  a  discoloration  of  the  substrate 2. 

Apothecia  round,  disk-like  or  perithecioid;  thallus  well  developed  to  absent . 3. 

2(1).  Apothecial  rim  absent,  apothecia  blue  pruinose;  thallus  leprose,  entirely  sorediate . 

. ARTHONIA 

2.  Apothecia  rim  present,  apothecia  black;  thallus  a  thin  crust,  esorediate . 

. OPEGRAPHA 


Apothecial  rim  thalloid,  with  algal  cells . 4. 

Apothecial  rim  without  algal  cells . 9. 

4(3).  Spores  non-septate . 5. 

4.  Spores  polarilocular  or  1-3  septate . 7. 
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5(4).  Thallus  areolate;  apothecia  usually  immersed,  becoming  adnate  with  age,  disk  pruinose;  on 


acidic  rocks . ASPICILIA 

5.  Thallus  and  apothecia  not  as  above;  on  calcareous  rocks  or  wood . 6. 

6(5).  Apothecia  globose,  perithecioid . THELOCARPON 

6.  Apothecia  disk-like . LECANORA 

7(4).  Spores  polarilocular;  thallus  and  apothecia  K-i-  violet . CALOPLACA 

7.  Spores  1-3  septate;  thallus  and  apothecia  K- . 8. 

8(7).  Apothecia  yellow .  CANDELARIELLA 

8 .  Apothecia  brown . LECANIA 

9(3).  Asci  with  more  than  8  spores . SARCOGYNE 

9.  Asci  with  8  spores . 10. 

10(9).  Spores  brown ,  1  -septate . AM ANDINE A 

10.  Spores  hyaline,  3-7  septate . 11. 


1  l(10).Epithecium  green  in  K;  spores  curved,  acicular,  3-7  septate,  20-35  x  2-3  pim . BACIDINA 

1 1 .  Epithecium  not  green  in  K;  spores  straight,  oblong  ellipsoid,  3  septate,  1 1-19  x  3-4  pim . 

. BACIDIA 


ANNOTATED  SPECIES  LIST 

AM  ANDINE  A  M.  Choisy  ex  Scheid.  &  H.  Mayrh. 

Amandinea  punctata  (Hoffm.)  Coppins  &  Scheid. 

Occasional  on  weathered  wooden  boards  (#1684,  #1693)  and  on  the  lower  limbs  of  Crataegus 
mollis  (#1640,  #1650,  #1672A,  #1880). 

=  Buellia  schaereri  in  Calkins  (1896). 

ANISOMERIDIUM  (Mull.  Arg.)  M.  Choisy 

Anisomeridium  polypori  (Ellis  &  Everh.)  M.  E.  Barr 

Frequent  on  the  lower  trunks  of  Crataegus  mollis  (1859),  Quercus  alba  (#1632,  #1659),  Q.  rubra 
and  Ulmiis  americana.  This  species  is  often  present  on  White  Oak  and  Hawthorn  where  it  gives 
the  trunk  its’  grayish  color. 

The  conidial  state  of  this  lichen  is  also  represented  here  where  it  is  occasionally  found  on  the  lower 
trunks  of  Crataegus  mollis  (#1869,  #1873,  #1876)  and  Quercus  rubra  (#1878). 

=  Anisomeridium  nyssigenum  in  Wilhelm  (1998). 

ARTHONIA  Ach. 


Arthonia  caesia  (Flotow)  Korber 

Common  on  decorticate  logs  and  on  the  lower  trunks  and  limbs  of  a  variety  of  trees  including  Acer 
saccharum  (#1622).  The  blue-gray,  pruinose  apothecia  and  green  leprose  thallus  are  good  diag¬ 
nostic  features  of  this  lichen. 

=  Arthonia  lecideella  in  Calkins  (1896). 

ASPICILIA  A.  Massal. 

Aspicilia  caesiocinerea  (Nyl.  ex  Malbr.)  Arnold 
Rare  on  weathered  granitic  boulders  (#1863). 

BACIDIA  De  Not. 


Bacidia  coprodes  (Korber)  Lettau 

Common  on  a  granite  boulder,  dolomite  (#1660,  #1860)  and  a  piece  of  bone  in  moist,  shaded  habi¬ 
tats. 
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BACIDINA  Vezda 


Bacidina  egenula  (Nyl.)  Vezda 

Rare  on  weathered  dolomite  (#1857),  on  limestone  gravel  (#1606)  and  weathered  concrete  (#1661) 
in  moist,  shaded  habitats. 

=  Biatora  inundata  in  Calkins  (1896). 


CALOPLACA  Th.Fr. 


References:  Hyerczyk  (2005) 

1.  Thallus  a  thin  black  or  yellow  crust,  or  a  lobulate,  areolate  yellow  crust,  or  not  evident 

(growing  within  substrate);  apothecial  disk  and  margin  yellow . 2. 

1 .  Thallus  a  thick  black,  yellow  or  orange  crust,  areolate  or  lobulate . 4. 

2(1).  Thallus  thin,  yellow,  lobulate  or  of  small  cracked  areoles,  or  not  evident;  spores  14  x 

7  //m,  isthmus  2.8-4 .2  //m . Caloplaca  species  #1 

2  Thallus  a  thin  black  or  yellow  crust,  or  not  evident . 3. 

3(2).  Spores  14-15.4 //m  x  5. 6-7.0  pm,  isthmus  1.4-2. 8  pm . Caloplaca  feracissima 

3.  Spores  11.2-14.0  pm  x  5.6-7 .0  pm,  isthmus  1. 4-2.8  pm . Caloplaca  cf.  crenulatella 

4(1).  Thallus  yellow,  lobed,  continuous,  but  mostly  around  apothecia,  apothecial  disk  and 
margin  yellow;  spores  9-13  pm  x  5.5-7 .0  pm,  isthmus  3.5-4 .5  pmCaloplaca  subsoluta 

4.  Thallus  a  thick  black,  yellow,  orange  or  yellow  gray  crust,  areolate  or  lobulate . 5. 

5(4).  Thallus  yellow  to  orange,  apothecial  disk  orange  to  orange  brown,  margin  orange  to  yellow; 

spores  9.8-12.6  pm  x  5.6 pm,  isthmus  4.2  pm . Caloplaca  species  #2 

5.  Thallus  black,  yellow,  yellow  gray,  apothecial  disk  orange,  margin  yellow  to  yellow  gray; 
spores  9.8-1 1 .0  pm  x  5.6 pm,  isthmus  2.8-4 .2  pm . Caloplaca  species  #3 

Caloplaca  cf.  crenulatella  H.  Olivier 

Common  on  weathered  limestone  gravel,  pebbles  (#1655,  #1696),  asphalt,  dolomite  (#1865, 
#1865A,  #1868),  concrete  and  caulking. 

Caloplaca  cf.  feracissima  H.  Magn. 

Rare  on  weathered  dolomite  (#1866)  and  a  piece  of  bone  (#1864). 

Caloplaca  subsoluta  (Nyl.)  Zahlbr. 

Occasional  on  weathered  concrete  (#1616,  #1638,  #1667)  and  dolomite  (#1871,  #1871  A). 

Caloplaca  species  #1  sensu  JMTA  study 

Rare  on  granite  (#1875).  Thallus  thin,  yellow,  lobulate  or  of  small  cracked  areoles,  or  not  evident; 
spores  14  X  7  pm,  isthmus  2.8-4.2  pm.  This  collection  will  require  additional  study  before  it  is 
given  a  species  name. 

Caloplaca  species  #2  sensu  JMTA  study 

Occasional  on  weathered  concrete  (#1646,  #1670).  Thallus  yellow  to  orange,  apothecial  disk 
orange  to  orange  brown,  margin  orange  to  yellow;  spores  9.8-12.6  pm  x  5.6  pm,  isthmus  4.2  pm. 
This  collection  will  require  additional  study  before  it  is  given  a  species  name. 

Caloplaca  species  #3  sensu  JMTA  study 

Occasional  on  weathered  concrete  (#1617)  and  dolomite  (#1877).  Thallus  black,  yellow,  yellow 
gray,  apothecial  disk  orange,  margin  yellow  to  yellow  gray;  spores  9.8-11.0  ^m  x  5.6  pm,  isth¬ 
mus  2.8-4.2  pim.  This  collection  will  require  additional  study  before  it  is  given  a  species  name. 
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CANDELARIA  A.  Massal. 

Candelaria  concolor  (Dickson)  Stein 

Common  on  the  pads  of  prickly  pear  cactus  {Opuntia  humifusa  (#1855)),  rusted  metal,  weathered 
asphalt,  wood,  granite,  concrete,  dolomite,  calcareous  gravel,  decorticate  logs  and  on  the  trunks 
and  lower  limbs  of  a  variety  of  trees  including  Madura  pomifera  (#1634)  and  Ulmus  americana 
(#1630).  Totally  sorediate  forms  of  this  lichen,  referred  to  as  Candelaria  concolor  var.  ejfusa 
(Tuck.)  Burnham  may  intergrade  with  this  species. 

=  Teloschistes  concolar  in  Calkins  (1896). 

CANDELARIELLA  Mull.  Arg. 

References:  Harris  &  Buck  (1978),  Thomson  (2003). 

1 .  Thallus  consisting  of  round,  flattened,  sorediate  areoles;  apothecia  rare . 

. Candelariella  reflexa 

1.  Thallus  lacking  or  not  evident  (growing  within  substrate);  apothecia  common;  spores  sim¬ 
ple,  12.5  X  7.5  //m  long,  eight  per  ascus  . Candelariella  aurella 

Candelariella  aurella  (Hoffm.)  Zahlbr. 

Frequent  on  weathered  concrete  (#1607).  This  lichen  could  be  mistaken  for  another  crustose  lichen, 
Caloplaca  cf.feracissima  H.  Magn,  which  has  K-i-  violet  apothecia  and  polarilocular  spores. 

Candelariella  reflexa  (Nyl.)  Lettau. 

Common  on  weathered  wood  fence  posts  (#1671)  and  on  the  lower  limbs  and  trunks  of  Cary  a  cor- 
diformis,  Crataegus  mollis  (#1623,  #1628),  Fraxinus  pennsylvanica  var.  subintegerrima  and 
Populus  deltoides.  Candelariella  reflexa  is  a  western  species  that  has  8  spores  per  ascus.  C.  efflo- 
rescens  R.  C.  Harris  &  W.  R.  Buck,  is  an  eastern  species  with  32  spores  per  ascus.  Based  on 
thallus  characters  alone,  the  two  species  are  virtually  indistinguishable  in  their  sterile  conditions. 
Since  fertile  specimens  from  the  Chicago  region  have  8  spores  per  ascus  all  sterile  collections  are 
defaulted  to  C.  reflexa.  For  further  discussion  see  Wilhelm,  (1998). 

CLADONIA  P.  Browne 


References:  Hale  (1979),  Wilhelm  (1998). 


1 .  Podetia  occasionally  forming  cups;  podetia  mostly  sorediate  towards  upper  half . 

. Cladonia  subulata 

1 .  Podetia  not  forming  cups,  or  podetia  absent;  podetia,  if  present,  sorediate  or  not . 2. 

2(1).  Podetia  absent . 3 . 

2.  Podetia  present . 4. 

3(2).  Squamules  2-3  mm  long,  K-t-  yellow  turning  to  red . Cladonia  polycarpoides 

3.  Squamules  less  than  2  mm  long,  K- . Cladonia  macilenta  var.  bacillaris 

4.(2)  Podetia  esorediate . 5. 

4.  Podetia  sorediate . 7. 

5(4).  Apothecia  red . Cladonia  cristatella 

5 .  Apothecia  brown . 6 . 

6(5).  Podetia  and  squamules  K-i-  yellow  turning  to  red;  podetia  0.5-1 .5  cm  tall . 

. Cladonia  polycarpoides 

6.  Podetia  and  squamules  K-;  podetia  1-1 .5  cm  tall .  Cladonia  peziziformis 

7(4).  Apothecia  red;  squamules  less  than  2  mm  long . Cladonia  macilenta  var.  bacillaris 

1 .  Apothecia  brown . 8 . 

8(7).  Squamules  2-5  mm  long . Cladonia  coniocraea 

8.  Squamules  2mm  or  less  long . 9. 

9(8).  Tips  of  podetia  rounded,  club-shaped,  or  blunt,  the  base  with  coarse  isidioid  granules . 

. Cladonia  cylindrica 

9.  Tips  of  podetia  pointed,  soredia  farinose,  fine  and  powdery . Cladonia  subulata 
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Cladonia  coniocraea  (Florke)  Sprengel 

Rare  on  a  weathered  stump  in  a  shaded  oak  woodland  (#1687).  The  podetia  arising  from  squamules 
are  good  field  characteristics. 

=  Cladonia  fimbriata  in  Calkins  (1896). 

Cladonia  cristatella  Tuck. 

Rare  on  a  weathered,  moss  covered  log  (#1659A).  This  is  the  “British  Soldier”  lichen. 

=  Cladonia  cristatella  in  Calkins  (1896). 

Cladonia  cylindrica  (A.  Evans)  A.  Evans 
Rare  at  the  base  of  Crataegus  mollis  (#1697). 

Cladonia  macilenta  var.  bacillaris  (Genth)  Schaerer 

Occasional  on  weathered  wood  and  on  the  lower  trunks  and  branches  of  Crataegus  mollis  (#1690) 
and  Quercus  macrocarpa. 

=  Cladonia  macilenta  in  Calkins  (1896). 

Cladonia  peziziformis  (With.)  J.  R.  Laundon 

Occasional  on  sandy  and  clay  soil  (#1681)  with  Festuca  obtusa,  Fragaria  virginiana  and  Trifolium 
repens  as  vascular  plant  associates. 

=  Cladonia  mitrula  in  Calkins  (1896). 

Cladonia  polycarpoides  Nyl. 

Rare  on  gravel  and  soil  with  Asclepias  verticillata,  Melilotus  alba  and  Poa  compressa  as  vascular 
plant  associates  (#1673). 

Cladonia  subulata  (L.)  F.  H.  Wigg. 

Rare  on  a  lower  branch  of  Crataegus  mollis  (#1691). 

DERMATOCARPON  Eschw. 

Dermatocarpon  miniatum  (L.)  W.  Mann 
Rare  on  weathered  dolomite  (#1675,  #1856). 

=  Endocarpon  miniatum  in  Calkins  (1896). 

ENDOCARPON  Hedwig 


Endocarpon  pallidulum  (Nyl.)  Nyl. 

Common  on  weathered  granite,  dolomite,  concrete  (#1625 A,  #1665,  #1666),  aluminum  foil 
(#1760)  and  a  rusted  bolt.  This  species,  which  lack  rhizines,  is  similar  to  E.  pusillum  Hedw.,  a 
species  with  rhizines  on  the  lower  surface. 

FLAVOPARMELIA  Hale 


Flavoparmelia  caperata  (L.)  Hale 

Common  on  decorticate  logs  and  on  the  lower  limbs  and  trunks  of  Carya  ovata,  Crataegus  mollis 
(#1618),  Fraxinus  pennsylvanica  var.  subintegerrima,  Gleditsia  triacanthos  and  Populus  deltoi- 
des. 

=  Parmelia  caperata  in  Calkins  (1896). 

FLAVOPUNCTELIA  (Krog)  Hale 
Flavopunctelia  soredica  (Nyl.)  Hale 

Rare  on  a  lower  branch  of  Crataegus  mollis  (#1686).  The  C+  red  reaction  of  the  medulla  separates 
this  genus  from  Flavoparmelia. 
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HEPPIA  Nageli 


Heppia  adglutinata  (Kremp.)  A.  Massal. 

Rare  on  shallow  gravel  soil  over  dolomite  (#1609). 

=  Heppia  despreauxii  in  Calkins  (1896). 

HYPERPHYSCIA  Mull.  Arg. 

Hyperphyscia  adglutinata  (Florke)  H.  Mayrh.  &  Poelt 

Frequent  on  the  lower  trunks  of  Acer  negundo,  A.  saccharinum  (#1658A),  Celtis  occidentalis, 
Fraxinus  pennsylvanica  var.  suhintegerrima,  Populus  deltoides  (#1658),  Quercus  macrocarpa, 
Q.  velutina,  Salix  nigra,  Ulmus  americana  and  U.  pumila.  This  foliose  species  can  be  mistaken 
for  a  crustose  lichen  as  it  lacks  rhizines  and  is  tightly  appressed  to  the  bark. 

=  Physcia  adglutinata  in  Calkins  (1896). 

LECANIA  A.  Massal. 


Lecania  perproxima  (Nyl.)  Zahlbr. 

Occasional  on  weathered  dolomite  (#1613)  and  limestone  (#1862).  This  lichen  may  be  confused 
with  the  genus  Lecanora,  which  has  simple,  hyaline  spores,  while  Lecania  has  1 -septate,  brown 
spores. 

=  Lecanora  perproxima  in  Calkins  (1896). 

LECANORA  Ach. 

References:  Brodo,  I.M.,  S.  D.  Sharnoff,  and  S.  Shamoff  (2001). 

1 .  Thallus  saxicolous  (rarely  corticolous  or  on  miscellaneous  substrates) . 2. 

1 .  Thallus  corticolous  or  lignicolous . 3 . 

2(1).  Thallus  areolate,  with  lobed  margins,  yellow  green;  apothecia  0.5-2  mm  in  diameter, 

disk  yellow  or  brown,  margin  concolorous  with  thallus . Lecanora  muralis 

2.  Thallus  thin,  whitish  gray  or  lacking;  apothecia  0.5-1. 2  mm  in  diameter,  disk 

brownish,  margin  white . Lecanora  dispersa 

3(1).  Thallus  thin,  without  yellowish  tints  or  lacking;  apothecia  to  0.5  mm  broad,  disk  often  prui- 

nose . Lecanora  cf.  umbrina 

3.  Thallus  yellowish  green;  apothecia  0.8-1  mm  broad,  disk  epruinose . 4. 

4(3).  Apothecia  irregular,  rim  disappearing  with  age . Lecanora  symmicta 

4.  Apothecia  round,  rim  ecorticate,  appearing  sorediate  or  granular . 

. Lecanora  strobilina 


Lecanora  dispersa  (Pers.)  Sommerf. 

Common  on  Opuntia  humifusa  (#1881),  a  rusted  screw,  sandstone  (#1642),  weathered  dolomite 
(#1639),  weathered  concrete,  a  piece  of  bone,  granite  and  asphalt. 

Lecanora  muralis  (Schreber)  Rabenh. 

Rare  on  weathered  concrete  (#1637)  and  weathered  dolomite  (#1610). 

Lecanora  strobilina  (Sprengel)  Kieffer 

Occasional  on  the  lower  trunks  of  Carya  ovata  (#1629)  and  Quercus  macrocarpa  (#1879). 

Lecanora  symmicta  (Ach.)  Ach. 

Rare  on  the  lower  limbs  of  Crataegus  mollis  (#1627). 

=  Lecanora  varia  var.  symmicta  in  Calkins  (1896). 

Lecanora  cf.  umbrina  (Ach.)  A.  Massal. 

Rare  on  weathered  wood  (#1858). 
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LEPRARIA  Ach. 


Reference:  Wilhelm  (1998). 

1 .  Thallus  thick,  greenish  white . Lepraria  lobificans 

1 .  Thallus  thin,  bluish . Lepraria  species  #1  sensu  Morton  Arboretum  Herbarium 

Lepraria  lobificans  Nyl. 

Common  on  mosses  and  on  the  lower  trunks  of  a  variety  of  trees  including  Crataegus  mollis 
(#1641, #1874). 

Lepraria  species  #1  sensu  Morton  Arboretum  Herbarium 
Rare  on  the  lower  trunk  of  Querciis  rubra  (#1619,  #1620). 

MELANELIXIA  O.  Blanco,  A.  Crespo,  Divakar,  EssL,  D.  Hawksw.  &  Lumbsch 

Melanelixia  subaurifera  (Nyl.)  O.  Blanco  et  al. 

Occasional  on  the  lower  limbs  of  a  variety  of  trees,  including  Gleditsia  triacanthos  (#1683). 

=  Melanelia  subaurifera  in  Wilhelm  (1998). 

OPEGRAPHA  Ach. 


Opegrapha  atra  Pers. 

Occasional  on  the  lower  trunk  of  Ulmus  americana  (#1631,  #1662). 
=  Opegrapha  atra  in  Calkins  (1896). 


PARMELIA  Ach. 


Parmelia  sulcata  Taylor 

Common  on  decorticate  logs  and  wooden  fence  posts,  and  on  the  trunks  and  limbs  of  a  variety  of 
trees  including  Gleditsia  triacanthos  (#1624). 

=  Parmelia  saxatilis  var.  sulcata  in  Calkins  (1896). 

PARMOTREMA  A.  Massal. 


Reference:  Hale  (1974). 

1.  Cortex  distinctly  white  maculate;  lower  surface  margin  white  or  mottled  brownish  white; 

upper  cortex  without  reticulate  cracks  . Parmotrema  hypotropum 

1.  Cortex  dull,  emaculate;  lower  surface  margin  mostly  brown  or  black;  upper  cortex  reticu- 
lately  cracked . Parmotrema  reticulatum 

Parmotrema  hypotropum  (Nyl.)  Hale 

Frequent  on  the  trunks  and  lower  limbs  of  Acer  saccharinum,  Crataegus  mollis  (#1679,  #1695)  and 
Gleditsia  triacanthos  (#1682). 

Parmotrema  reticulatum  (Taylor)  M.  Choisy 
Occasional  on  the  lower  limbs  of  Crataegus  mollis  (#1672). 

=  Parmelia  perlata  in  Calkins  (1896). 

=  Rimelia  reticulata  in  Wilhelm  (1998). 

PHAEOCALICIUM  A.  F.  W.  Schmidt 

Phaeocalicium  polyporaeum  (Nyl.)  Tibell 

Rare  on  the  poly  porous  fungus,  Trichaptum  biforme  (Fr.)  Ryvarden,  which  was  growing  on  Primus 
serotina  (#1648). 
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PHAEOPHYSCIA  Moberg 


Reference:  Esslinger  (1978). 


1. 

1. 


3(2) 

3. 


Thallus  esorediate . 

Thallus  sorediate . 

2(1).  Medulla  orange-red . 

2.  Medulla  white . 

Lobe  tips  of  thallus  with  pale,  cortical  hairs . 

Lobe  tips  lacking  cortical  hairs . 

4(3).  Soralia  capitate;  soredia  farinose  or  of  fine  granules 
4.  Soredia  terminal;  soredia  coarse  granular  to  isidioid 


. Phaeophyscia  ciliata 

. 2. 

Phaeophyscia  riibropiilchra 

. 3. 

. Phaeophyscia  hirsuta 

. 4. 

....Phaeophyscia  pusilloides 
.  Phaeophyscia  adiastola 


Phaeophyscia  adiastola  (Essl.)  Essl. 

Rare  on  weathered  dolomite  (#1657),  moss  covered  decorticate  logs  (#1861),  and  on  the  lower 
trunks  of  Acer  negundo  and  Fraxinus  pennsylvanica  var.  subintegerrima. 


Phaeophyscia  ciliata  (Hoffm.)  Moberg 

Common  on  the  lower  trunks  of  Acer  negundo  (#1654),  Fraxinus  pennsylvanica  var.  subinteger¬ 
rima  and  Populus  deltoides. 

=  Physcia  obscura  in  Calkins  (1896). 


Phaeophyscia  hirsuta  (Mereschk.)  Essl. 

Frequent  on  weathered  concrete  and  dolomite  and  on  the  lower  trunks  of  Acer  negundo  (#1647), 
Fraxinus  pennsylvanica  var.  subintegerrima  and  Populus  deltoides.  The  pale,  cortical  hairs  along 
the  edge  of  the  thallus  are  good  field  characteristics. 

=  Phaeophyscia  cernohorskyi  in  Wilhelm  (1998). 


Phaeophyscia  pusilloides  (Zahlbr.)  Essl. 

Common  on  weathered  limestone,  granite,  dolomite  and  concrete,  and  on  the  lower  trunks  and 
limbs  of  a  variety  of  trees  including  Populus  deltoides  (#1645)  and  Ulmus  americana  (#1680). 


Phaeophyscia  rubropulchra  (Degel.)  Essl. 

Common  on  decorticate  logs  and  on  the  lower  trunks  or  bases  of  a  variety  of  trees  including 
Crataegus  mollis  (#1625).  Although  the  orange-red  medulla  of  this  lichen  is  distinctive,  some 
parts  are  occasionally  white. 


PHYSCIA  (Schreber)  Michaux 


Reference:  Thomson  (1963). 

1 .  Thallus  esorediate . Physcia  stellaris 

1 .  Thallus  sorediate . 2. 

2(1).  Tips  of  lobes  inflated  and  hood-shaped,  ciliate;  soredia  under  the  lobes . 

.  Physcia  adscendens 

2.  Tips  of  lobes  neither  hood-shaped  nor  ciliate;  soredia  along  margins  of  lobes . 3. 

3(2).  Thallus  saxicolous;  lobes  0.1-0 .2  mm  wide;  medulla  KOH-i-  yellow .  Physcia  subtilis 

3.  Thallus  corticolous,  rarely  saxicolous;  lobes  up  to  1  mm  wide;  medulla  KOH- . 

. Physcia  millegrana 


Physcia  adscendens  (Fr.)  H.  Olivier 

Common  on  dolomite  gravel  and  on  the  trunks  of  a  variety  of  trees  including  Populus  deltoides 
(#1643). 
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Physcia  millegrana  Degel. 

Common  on  rusted  metal,  weathered  conerete,  granite,  wood,  decorticate  moss  covered  logs,  and 
on  the  trunks  and  limbs  of  a  variety  of  trees  including  Madura  pomifera  (#1635)  and  Ulmus 
americana  (#1669). 

=  Physcia  tribacia  in  Calkins  (1896). 

Physcia  stellaris  (L.)  Nyl. 

Common  on  dolomite,  granite,  rusted  metal,  weathered  wood  and  decorticate  logs  and  on  the  trunks 
and  limbs  of  a  variety  of  trees  including  Crataegus  mollis  (#1621),  Madura  pomifera  (#1636) 
and  Ulmus  americana  (#1668). 

=  Physcia  stellaris  in  Calkins  (1896). 

Physcia  subtilis  Degel. 

Occasional  on  granite  erratics  (#161 1)  in  full  sun. 

PHYSCIELLA  Essl. 


Physciella  chloantha  (Ach.)  Essl. 

Common  on  weathered  concrete,  dolomite  and  granite  erratics,  and  on  the  trunks  of  a  variety  of 
trees  including  Acer  negundo  (#1652a)  and  Fraxinus  pennsylvanica  var.  subintegerrima  (#1652, 
#  1664b). 


PHYSCONIA  Poet 


Physconia  leucoleiptes  (Tuck.)  Essl. 

Frequent  on  the  trunks  of  a  variety  of  trees  including  Acer  negundo  (#1633). ).  Easily  recognized  in 
the  field  by  the  pruinose  lobes. 

=  Physconia  deter sa  in  Wilhelm  (1998). 

PLACIDIUM  A.  Massal.  (Breuss) 

Placidium  lachneum  (Ach.)  Breuss 
Rare  on  shallow  soil  over  dolomite  (#1608). 

=  Endocarpon  hepaticum  in  Calkins  (1896). 

=  Catapyrenium  squamulosum  in  Wilhelm  (1998). 

PUNCTELIA  Krog 

References:  Aptroot  (2003),  Krog  (1982),  Wilhelm  &  Ladd  (1992). 


1 .  Thallus  without  isidia  or  soredia;  medulla  C- . Punctelia  bolliana 

1 .  Thallus  isidiate  or  sorediate;  medulla  C+  red . 2. 

2(1).  Thallus  isidiate . Punctelia  rudecta 

2.  Thallus  sorediate . Punctelia  missouriensis 


Punctelia  bolliana  (Miill.  Arg.)  Krog 

Occasional  on  the  lower  trunks  of  Quercus  alba  (#1688)  and  Q.  macrocarpa. 

Punctelia  missouriensis  G.  Wilh.  &  Ladd 

Rare  on  the  lower  trunk  of  Crataegus  mollis  (#1689). 

Punctelia  rudecta  (Ach.)  Krog 

Common  on  a  decorticate  log  and  on  the  lower  trunks  of  Carya  ovata,  Crataegus  mollis,,  Quercus 
alba  (#1653,  #1649),  and  Q.  rubra. 

=  Punctelia  borreri  var.  rudecta  in  Calkins  (1896). 
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SARCOGYNE  Flotow 


Sarcogyne  regularis  Korber 

Frequent  on  weathered  dolomite,  granite,  sandstone,  and  pebbles  (#1651,  #1614). 

=  Lecanora  privigna  \2Lr.  pruinosa  in  Calkins  (1896). 

THELOCARPON  Nyl.  Hue 

Thelocarpon  laureri  (Flotow)  Nyl. 

Rare  on  weathered  wooden  boards  (#1685). 

TRAPELIOPSIS  Hertel  &  Gotth.  Schneider 

Trapeliopsis  flexuosa  (Fr.)  Coppins  &  P.  James 

Frequent  on  decorticate  logs  and  on  weathered  wood  posts  (#1644,  #1694,  #1872). 

USNEA  Dill,  ex  Adans. 

JJsnea  strigosa  (Ach.)  Eaton  subsp.  major  (Michaux)  I.  Tav. 

Rare  on  a  lower  limb  of  Crataegus  mollis  (#1692). 

VERRUCARIA  Schrader 

Reference:  Thomson  (2003). 

1 .  Thallus  immersed  in  rock . 2. 

1 .  Thallus  superficial  on  rocks,  areolate . 3. 

2(1).  Perithecia  embedded  in  calcareous  rock,  thallus  scant,  white;  involucrellum  scant; 

spores  18-28  //m  x  9-14  pm . Verrucaria  calciseda 

2.  Perithecia  partly  immersed  in  rock,  thallus  ashy,  involucrellum  hemispherical,  black; 

apex  thick;  spores  19-24 pmx\\-\2pm . Verrucaria.  calkinsiana 

3(1).  Involucrellum  black,  merging  with  black  lower  layers  of  thallus;  perithecia  1-3  per  areole; 

spores  12-14 //m  X  6-1  pm . Verrucaria  fayettensis 

3.  Involucrellum  thick,  spherical;  perithecia  immersed  in  centers  of  areoles;  spores  10-16  pm  x 
5-7  pm . Verrucaria  fuscella 

Verrucaria  calciseda  DC. 

Rare  on  weathered  dolomite  (#1674). 

Verrucaria  calkinsiana  Servit 

Frequent  on  Opuntia  humijusa  and  on  weathered  limestone,  granite,  and  dolomite  (#1615,  #1870) 
and  calcareous  pebbles  (#1663). 

=  Verrucaria  muralis  in  Calkins  (1896). 

Verrucaria  fayettensis  Servit 

Rare  on  weathered  dolomite  (#1676,  #1867). 

=  Verrucaria  viridula  in  Calkins  (1896). 

Verrucaria  fuscella  (Turner)  Winch 
Rare  on  weathered  concrete. 
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XANTHOMENDOZA  S.  Kondr.  &  Karnefelt 
Reference:  Lindblom,  2006 

1.  Thallus  cushion-like,  often  forming  extensive  colonies;  thallus  thin,  delicate,  lobes  narrow; 
rhizines  absent  or  sparse,  usually  not  visible  from  above;  soredia  formed  at  lobe  tips,  pow¬ 
dery  . Xanthomendoza  fulva 

1.  Thallus  rosette-like  +/-  distinct;  rhizines  usually  abundant,  visible  from  above  or  not;  sore¬ 
dia  not  as  above . 2. 

2(1).  Soredia  formed  in  marginal  crescent-shaped  slits  between  the  upper  and  lower  cor¬ 
tex;  lobes  adnate  to  loosely  adnate . Xanthomendoza  fallax 

2.  Soredia  marginal  or  submarginal  from  cortex,  rarely  laminal;  lobes  loosely  adnate  to 
raised . Xanthomendoza  ulophyllodes 

Xanthomendoza  fallax  (Hepp  ex  Arnold)  Spchting,  Karnefelt  &  S.  Kondr. 

Common  on  weathered  wood  fence  posts  and  on  the  trunks  of  a  variety  of  trees  including  Acer 
negundo  (#1656). 

=  Xanthoria  fallax  in  Wilhelm  (1998). 

Xanthomendoza  fulva  (Hoffm.)  Spchting,  Karnefelt  &  S.  Kondr. 

Frequent  on  weathered  concrete  and  on  the  trunks  of  Acer  negundo,  Crataegus  mollis  (#  1664a), 
Fraxinus  pennsylvanica  var.  subintegerrima,  Populus  deltoides,  Quercus  alba,  Q.  macrocarpa 
and  Ulmus  pumila. 

=  Theloschistes  lychneus  in  Calkins  (1896). 

=  Xanthoria  sp.  #1  in  Wilhelm  (1998). 

Xanthomendoza  ulophyllodes  (Rasanen)  Spchting,  Karnefelt  &  S.  Kondr. 

Frequent  on  the  trunks  of  Acer  negundo,  Crataegus  mollis  (#1664),  Fraxinus  pennsylvanica  var. 
subintegerrima,  Populus  deltoides,  Quercus  alba,  Q.  macrocarpa  and  Ulmus  pumila. 

XANTHORIA  (Fr.)  Th.  Fr. 

Xanthoria  polycarpa  (Hoffm.)  Th.  Fr.  ex  Rieber 
Rare  on  a  lower  limb  of  Tilia  americana  (#1626). 

=  Theloschistes  parietinus  in  Calkins  (1896). 
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Figure  1 .  Map  of  the  Joliet  Military  Training  Area. 
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UNIT  5S 
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(600  ACRES) 


UNIT  6 
324  HA 
(800  ACRES) 


UNIT  7 

FOREST  SERVICE 
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(450  ACRES) 


FOREST  SERVICE 
75  HA 

(185  ACRES) 


STATE 

OF 

ILLINOIS 


WILL  COUNTY,  ILLINOIS 
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Appendix  I.  A  list  of  the  lichen  substrates  and  the  lichens  associated  with  them. 


Tree  species/substrate 

Amandinea  Anisomeridium 
_ punctata _ polypori 

Acer  negundo 
Acer  nigrum 
Acer  saccharinurn 
Acer  saccharum 
Carya  cordiformis 
Carya  ovata 
Celtis  occidentalis 
Cornus  stolonifera 
Crataegus  crus-galli 

Crataegus  mollis  X  X 

Fraxinus 
pennsylvanica 
var.  subintegerrima 
Gleditsia  triacanthos 
Juglans  nigra 
Lonicera  species 
Madura  pomifera 
Malus  pumila 
Morus  alba 
Opuntia  humifusa 
Ostrya  virginiana 
Parthenocissus 
quinquefolia 
Platanus  occidentalis 
Populus  alba 
Populus  deltoides 
Prunus  serotina 
Prunus  virginiana 

Quercus  alba  X 

Quercus  coccinea 
Quercus  imbricaria 
Quercus  macrocarpa 

Quercus  rubra  X 

Quercus  velutina 

Rhamnus  cathartica 

Rhus  glabra 

Rhus  radicans 

Ribes  missouriensis 

Rosa  multiflora 

Salix  interior 

Salix  nigra 

Trichaptum  biforme 

Tilia  americana 

Ulmus  americana  X 

Ulmus  pumila 

Ulmus  rubra 

Viburnum  species 

Vitis  riparia 

clay 

moss 

asphalt 

sand  and  gravel 

sandstone 

limestone 

soil  over  dolomite 

decorticate  logs 

rusted  steel 

bone 

aluminum  foil 

caulking 

granite 

wood  X 

concrete 

Dolomite,  pebbles, 
gravel 


Lichen  Species 

Arthona  Aspicilia  Bacidia 

caesia  caesiocinerea  coprodes 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 

X 


X 


X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 

X 

X 


X 


X 


X 


X 


X  X 

X 


Bacidina  Caloplaca 

egenula_ species  #1 


X 


X 


X 
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Tree  species/substrate 

Caloplaca 

_ species  #2 

Acer  negundo 
Acer  nigrum 
Acer  saccharinum 
Acer  saccharum 
Carya  cordiformis 
Carya  ovata 
Celtis  occidentalis 
Cornus  stolonifera 
Crataegus  crus-galli 
Crataegus  mollis 
Fraxinus 
pennsylvanica 
var.  subintegerrima 
Gleditsia  triacanthos 
Juglans  nigra 
Lonicera  species 
Madura  pomifera 
Malus  pumila 
Morus  alba 
Opuntia  liumifusa 
Ostrya  virginiana 
Parthenocissus 
quinquefolia 
Platanus  occidentalis 
Populus  alba 
Populus  deltoides 
Prunus  serotina 
Prunus  virginiana 
Quercus  alba 
Quercus  coccinea 
Quercus  imbricaria 
Quercus  macrocarpa 
Quercus  rubra 
Quercus  velutina 
Rhamnus  cathartica 
Rhus  glabra 
Rhus  radicans 
Ribes  missouriensis 
Rosa  multiflora 
Salix  interior 
Salix  nigra 
Trichaptum  biforme 
Tilia  americana 
Ulmus  americana 
Ulmus  pumila 
Ulmus  rubra 
Viburnum  species 
Vitis  riparia 
clay 
moss 
asphalt 

sand  and  gravel 

sandstone 

limestone 

soil  over  dolomite 

decorticate  logs 

rusted  steel 

bone 

aluminum  foil 
caulking 

granite  X 

wood 

concrete 

Dolomite,  pebbles, 
gravel 


Lichen  Species 

Caloplaca  Caloplaca  Caloplaca  Caloplaca  Candelaria  Candelariella 
species  #3  cf.  crenulatella  cf.feracissima  subsoluta _ concolor _ aurella 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 

X 

X 

X 

X  X 

X 


X 

X 


X 

X 

X 

XX  XXX 

X  X  X  X  X 
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Tree  species/substrate 

Candelariella 

_ reflexa 

Acer  negundo 

Acer  nigrum 

Acer  saccharinum 

Acer  saccharum 

Carya  cordiformis  X 

Carya  ovata 

Celtis  occidentalis 

Cornus  stolonifera 

Crataegus  crus-galli 

Crataegus  mollis  X 

Fraxinus 

pennsylvanica  X 

var.  subintegerrima 
Gleditsia  triacanthos 
Juglans  nigra 
Lonicera  species 
Madura  pomifera 
Malus  pumila 
Morus  alba 
Opuntia  humifusa 
Ostrya  virginiana 
Parthenocissus 
quinquefolia 
Platanus  occidentalis 
Populus  alba 

Populus  deltoides  X 

Prunus  serotina 

Prunus  virginiana 

Quercus  alba 

Quercus  coccinea 

Quercus  imbricaria 

Quercus  macrocarpa 

Quercus  rubra 

Quercus  velutina 

Rhamnus  cathartica 

Rhus  glabra 

Rhus  radicans 

Ribes  missouriensis 

Rosa  multiflora 

Salix  interior 

Salix  nigra 

Trichaptum  biforme 

Tilia  americana 

Ulmus  americana 

Ulmus  pumila 

Ulmus  rubra 

Viburnum  species 

Vitis  riparia 

clay 

moss 

asphalt 

sand  and  gravel 

sandstone 

limestone 

soil  over  dolomite 

decorticate  logs 

rusted  steel 

bone 

aluminum  foil 

caulking 

granite 

wood  X 

concrete 

Dolomite,  pebbles, 
gravel 


Cladonia 

coniocraea 


X 


Cladonia 

cristatella 


Lichen  Species 

Cladonia  Cladonia  Cladonia 
cylindrica  mac,  var.  bac.  peziziformis 


X  X 


X 


X 


X 


X 


Cladonia 

polycarpoides 


X 
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Tree  species/substrate 


Acer  negundo 
Acer  nigrum 
Acer  saccharinum 
Acer  saccharum 
Carya  cordiformis 
Carya  ovata 
Celtis  occidentalis 
Cornus  stolonifera 
Crataegus  crus-galli 
Crataegus  mollis 
Fraxinus 
pennsylvanica 
var.  subintegerrima 
Gleditsia  triacanthos 
Juglans  nigra 
Lonicera  species 
Madura  pomifera 
Malus  pumila 
Morus  alba 
Opuntia  humifusa 
Ostrya  virginiana 
Parthenocissus 
quinquefolia 
Platanus  occidentalis 
Populus  alba 
Populus  deltoides 
Prunus  serotina 
Prunus  virginiana 
Quercus  alba 
Quercus  coccinea 
Quercus  imbricaria 
Quercus  macrocarpa 
Quercus  rubra 
Quercus  velutina 
Rhamnus  cathartica 
Rhus  glabra 
Rhus  radicans 
Ribes  missouriensis 
Rosa  multiflora 
Salix  interior 
Salix  nigra 
Trichaptum  biforme 
Tilia  americana 
Ulmus  americana 
Ulmus  pumila 
Ulmus  rubra 
Viburnum  species 
Vitis  riparia 
clay 
moss 
asphalt 

sand  and  gravel 

sandstone 

limestone 

soil  over  dolomite 

decorticate  logs 

rusted  steel 

bone 

aluminum  foil 

caulking 

granite 

wood 

concrete 

Dolomite,  pebbles, 
gravel 


Lichen  Species 

Cladonia  Dermatocarpon  Endocarpon  Flavoparmelia  Flavopunctelia  Heppia  Hyperphyscia 

subulata _ miniatum  pallidulum  caperata _ soredica  adglutinata  adglutinata 

X 

X 


X 


X 


X 


X  X 

X  X 

X 


X 


X 


X 

X 


X 

X 

X 


X 

X 

X 

X 

X  X 


X 
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Tree  species/substrate 

Lecania 

_ perproxima 

Acer  negundo 
Acer  nigrum 
Acer  saccharinum 
Acer  saccharum 
Carya  cordiformis 
Carya  ovata 
Celtis  occidentalis 
Cornus  stolonifera 
Crataegus  crus-galli 
Crataegus  mollis 
Fraxinus 
pennsyivanica 
var.  subintegerrima 
Gleditsia  triacanthos 
Juglans  nigra 
Lonicera  species 
Madura  pomifera 
Malus  pumila 
Morus  alba 
Opuntia  humifusa 
Ostrya  virginiana 
Parthenocissus 
quinquefolia 
Platanus  occidentalis 
Populus  alba 
Populus  deltoides 
Prunus  serotina 
Prunus  virginiana 
Quercus  alba 
Quercus  coccinea 
Quercus  imbricaria 
Quercus  macrocarpa 
Quercus  rubra 
Quercus  velutina 
Rhamnus  cathartica 
Rhus  glabra 
Rhus  radicans 
Ribes  missouriensis 
Rosa  multiflora 
Salix  interior 
Salix  nigra 
Trichaptum  biforme 
Tilia  americana 
Ulmus  americana 
Ulmus  pumila 
Ulmus  rubra 
Viburnum  species 
Vitis  riparia 
clay 
moss 
asphalt 

sand  and  gravel 
sandstone 

limestone  X 

soil  over  dolomite 
decorticate  logs 
rusted  steel 
bone 

aluminum  foil 

caulking 

granite 

wood 

concrete 

Dolomite,  pebbles, 
gravel 


Lecanora 

dispersa 


X 


X 

X 


X 

X 

X 

X 

X 


Lecanora 

muralis 


Lichen  Species 

Lecanora  Lecanora 

strobilina  symmicta 


Lecanora 
cf.  umbrina 


X 


X 


X 


X 

X 

X 


Lepraria 

lobificans 


X 


X 

X 

X 

X 

X 

X 

X 

X 
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Tree  species/substrate 

Lichen  Species 

Lepraria 

Melanelixia 

Opegrapha 

Parmelia 

Parmotrema 

Parmotrema 

Phaeocalicium 

species  #  1 

subaurifera 

atra 

sulcata 

hypotropurn 

reticulatum 

polyporaeum 

Acer  negundo 

Acer  nigrum 

Acer  saccharinum 

Acer  saccharum 

X 

X 

Carya  cordiformis 
Carya  ovata 

Celtis  occidentalis 

X 

Cornus  stolonifera 
Crataegus  crus-galli 
Crataegus  mollis 
Fraxinus 

X 

X 

X 

X 

pennsylvanica 

X 

X 

X 

var.  subintegerrima 
Gleditsia  triacanthos 

X 

X 

X 

Juglans  nigra 

X 

Lonicera  species 
Madura  pomifera 

Malus  pumila 

Morus  alba 

X 

Opuntia  humifusa 
Ostrya  virginiana 
Parthenocissus 
quinquefolia 

Platanus  occidentalis 

X 

Populus  alba 

Populus  deltoides 
Prunus  serotina 

X 

Prunus  virginiana 
Quercus  alba 

Quercus  coccinea 
Quercus  imbricaria 
Quercus  macrocarpa 
Quercus  rubra 

Quercus  velutina 
Rhamnus  cathartica 

X 

X 

X 

Rhus  glabra 

Rhus  radicans 

Ribes  missouriensis 

X 

Rosa  multiflora 

Salix  interior 

Salix  nigra 

Trichaptum  biforme 
Tilia  americana 

X 

X 

Ulmus  americana 

Ulmus  pumila 

Ulmus  rubra 

X 

X 

Viburnum  species 

Vitis  riparia 
clay 

X 

moss 

asphalt 

sand  and  gravel 

sandstone 

limestone 

soil  over  dolomite 

decorticate  logs 

rusted  steel 

X 

bone 

aluminum  foil 
caulking 
granite 
wood 

concrete 

Dolomite,  pebbles, 
gravel 

X 

48 


Tree  species/substrate 

Lichen  Species 

Phaeophyscia  Phaeophyscia  Phaeophyscia  Phaeophyscia  Phaeophyscia 
adiastola  ciliata  hirsuta  pusilloides  rubropulchra 

Physcia 

adscendens 

Physcia 

millegrana 

Acer  negundo 

X  X 

X 

X 

X 

X 

Acer  nigrum 

X 

Acer  saccharinum 

- 

X 

Acer  saccharurn 

X 

X 

Carya  cordiformis 

X 

Carya  ovata 

X 

X 

Celtis  occidentalis 

X 

X 

X 

Cornus  stolonifera 

Crataegus  crus-galli 

X 

Crataegus  mollis 

X 

X 

X 

X 

Fraxinus 

pennsylvanica 

X  X 

X 

X 

X 

X 

X 

var.  subintegerrima 

Gleditsia  triacanthos 

X 

Juglans  nigra 

X 

X 

X 

Lonicera  species 

X 

Madura  pomifera 

X 

X 

Malus  pumila 

X 

X 

Morus  alba 

X 

X 

Opuntia  humifusa 

Ostrya  virginiana 

X 

Parthenocissus 

quinquefolia 

X 

Platanus  occidentalis 

X 

Populus  alba 

X 

X 

X 

X 

Populus  deltoides 

X 

X 

X 

X 

X 

X 

Prunus  serotina 

X 

Prunus  virginiana 

Quercus  alba 

X 

X 

X 

Quercus  coccinea 

X 

Quercus  imbricaria 

X 

Quercus  macrocarpa 

X 

X 

X 

Quercus  rubra 

X 

X 

Quercus  velutina 

X 

Rhamnus  cathartica 

X 

Rhus  glabra 

X 

Rhus  radicans 

X 

X 

Ribes  missouriensis 

X 

Rosa  multiflora 

X 

Salix  interior 

X 

Salix  nigra 

X 

X 

X 

Trichaptum  biforme 

Tilia  americana 

X 

X 

Ulmus  americana 

X 

X 

X 

Ulmus  pumila 

X 

Ulmus  rubra 

Viburnum  species 

X 

Vitis  riparia 

X 

clay 

moss 

X 

X 

asphalt 

sand  and  gravel 

sandstone 

limestone 

X 

soil  over  dolomite 

decorticate  logs 

X 

X 

rusted  steel 

X 

bone 

aluminum  foil 

caulking 

granite 

X 

X 

wood 

X 

concrete 

X 

X 

X 

Dolomite,  pebbles, 
gravel 

X 

X 

X 

X 

1 
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Tree  species/substrate 

Lichen  Species 

Physcia 

Physcia 

Physciella 

Physconia 

stellaris 

subtilis 

chloantha 

leucoleiptes 

Acer  negundo 

Acer  nigrum 

X 

X 

X 

Acer  saccharinum 

X 

Acer  saccharum 

Carya  cordiformis 

X 

Carya  ovata 

X 

Celtis  occidentalis 

X 

X 

Cornus  stolonifera 

X 

Crataegus  crus-galli 

X 

Crataegus  mollis 
Fraxinus 

X 

X 

X 

pennsylvanica 

X 

X 

var.  subintegerrima 
Gleditsia  triacanthos 

X 

Juglans  nigra 

X 

Lonicera  species 
Madura  pomifera 

X 

X 

Malus  pumila 

X 

Morus  alba 

Opuntia  humifusa 

Ostrya  virginiana 

Parthenocissus 

quinquefolia 

Platanus  occidentalis 

X 

X 

Populus  alba 

X 

Populus  deltoides 

X 

X 

X 

Prunus  serotina 

X 

Primus  virginiana 
Quercus  alba 

X 

X 

Quercus  coccinea 
Quercus  imbricaria 

X 

Quercus  macrocarpa 

X 

X 

Quercus  rubra 

Quercus  velutina 

X 

X 

Rhamnus  cathartica 
Rhus  glabra 

X 

X 

Rhus  radicans 

Ribes  missouriensis 

X 

X 

Rosa  multiflora 

Salix  interior 

X 

Salix  nigra 

X 

X 

X 

Trichaptum  biforme 

Tilia  americana 

X 

X 

Ulmus  americana 

X 

X 

Ulmus  pumila 

Ulmus  rubra 

Viburnum  species 

Vitis  riparia 
clay 

X 

X 

moss 

asphalt 

sand  and  gravel 

sandstone 

limestone 

soil  over  dolomite 

decorticate  logs 

X 

rusted  steel 
bone 

aluminum  foil 

X 

caulking 

granite 

X 

X 

X 

wood 

X 

concrete 

X 

Dolomite,  pebbles, 
gravel 

X 

X 

Placidium 

lachneum 


X 


Punctelia  Punctelia 
bolliana  missouriensis 


X 


X 

X 
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Tree  species/substrate 

Punctelia 

_ rudecta 

Acer  negundo 
Acer  nigrum 
Acer  saccharinum 
Acer  saccharum 
Carya  cordiformis 
Carya  ovata  X 

Celtis  occidentalis 
Cornus  stolonifera 
Crataegus  crus-galU 
Crataegus  mollis  X 

Fraxinus 
pennsylvanica 
var.  subintegerrima 
Gleditsia  triacanthos 
Jug  Ians  nigra 
Lonicera  species 
Madura  pomifera 
Malus  pumila 
Morus  alba 
Opuntia  humifusa 
Ostrya  virginiana 
Parthenocissus 
quinquefolia 
Platanus  occidentalis 
Populus  alba 
Populus  deltoides 
Prunus  serotina 
Prunus  virginiana 
Quercus  alba  X 

Quercus  coccinea 
Quercus  imbricaria 
Quercus  macrocarpa 
Quercus  rubra  X 

Quercus  velutina 
Rhamnus  cathartica 
Rhus  glabra 
Rhus  radicans 
Ribes  missouriensis 
Rosa  multiflora 
Salix  interior 
Salix  nigra 
Trichaptum  biforme 
Tilia  americana 
Ulmus  americana 
Ulmus  pumila 
Ulmus  rubra 
Viburnum  species 
Vitis  riparia 
clay 
moss 
asphalt 

sand  and  gravel 

sandstone 

limestone 

soil  over  dolomite 

decorticate  logs  X 

rusted  steel 

bone 

aluminum  foil 

caulking 

granite 

wood 

concrete 

Dolomite,  pebbles, 
gravel 


Lichen  Species 

Sarcogyne  Thelocarpon  Trapeliopsis  Usnea 

regularis_ laureri  flexuosa_ strigosa 


X 


X 


X 


X 


X 


X 


Verrucaria 

calciseda 


Verrucaria 

calkinsiana 


X 


X 


X 


X 


X 
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Tree  species/substrate 

Verrucaria 

_ fayettensis 

Acer  negundo 
Acer  nigrum 
Acer  saccharinum 
Acer  saccharum 
Carya  cordiformis 
Carya  ovata 
Celtis  occidentalis 
Cornus  stolonifera 
Crataegus  crus-galli 
Crataegus  mollis 
Fraxinus 
pennsylvanica 
var.  subintegerrima 
Gleditsia  triacanthos 
Juglans  nigra 
Lonicera  species 
Madura  pomifera 
Malus  pumila 
Morus  alba 
Opuntia  humifusa 
Ostrya  virginiana 
Parthenocissus 
quinquefolia 
Platanus  occidentalis 
Populus  alba 
Populus  deltoides 
Prunus  serotina 
Prunus  virginiana 
Quercus  alba 
Quercus  coccinea 
Quercus  imbricaria 
Quercus  macrocarpa 
Quercus  rubra 
Quercus  velutina 
Rhamnus  cathartica 
Rhus  glabra 
Rhus  radicans 
Ribes  missouriensis 
Rosa  multiflora 
Salix  interior 
Salix  nigra 
Trichaptum  biforme 
Tilia  americana 
Ulmus  americana 
Ulmus  pumila 
Ulmus  rubra 
Viburnum  species 
Vitis  riparia 
clay 
moss 
asphalt 

sand  and  gravel 

sandstone 

limestone 

soil  over  dolomite 

decorticate  logs 

rusted  steel 

bone 

aluminum  foil 

caulking 

granite 

wood 

concrete 

Dolomite,  pebbles,  ^ 

gravel 


Lichen  Species 

Verrucaria  Xanthome ndoza  Xanthomendoza  Xanthomendoza  Xanthoria 
fuscella _ fallax _ fitlva _ ulophyllodes  polycarpa 

XXX 


X 


X 

X 

X 

X 

X 

X 


X 

X 


X 

X 


XXX 

X 

XXX 

XXX 


X 


X 

X 

X  X 


X 


X 

X 

X 


X 
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The  Lichen  Flora  of  Logan  County,  Illinois 


Richard  D.  Hyerczyk 
5204  South  Natoma  Ave. 
Chicago,  IL  60638-1222 


ABSTRACT 

Sixty  species  of  lichens  are  reported  from  Logan  County,  Illinois.  Thirty-four  lichens  are 
of  the  crustose  growth  form,  24  are  foliose  and  2  are  fruticose.  Forty-one  lichens  are  con¬ 
sidered  to  be  rare,  14  are  occasional,  3  are  frequent  and  2  are  common.  The  most  com¬ 
monly  occupied  corticolous  substrate  in  Logan  County  is  Quercus  rubra,  weathered  con¬ 
crete  is  the  most  common  saxicolous  substrate  and  weathered  wood  is  the  most  common 
lignicolous  substrate.  Lichens  were  also  found  growing  on  other  substrates  such  as  fungi, 
cloth,  steel,  painted  aluminum  fencing  and  a  fiberglass  boat  frame.  A  key  to  the  lichen 
flora  of  Logan  County  is  provided  as  well  as  information  on  their  habitats,  abundance  and 
distribution. 


INTRODUCTION 

This  project  was  undertaken  to  document  and  collect  voucher  specimens  of  the  lichen 
flora  of  Logan  County,  Illinois,  develop  an  identification  key  to  the  lichen  flora  there  and 
provide  information  on  their  habitats,  abundance  and  distribution.  No  previous  work  has 
been  devoted  to  the  lichen  flora  of  Logan  County,  Illinois. 

Logan  County  is  located  in  central  Illinois,  56  kilometers  north  of  the  State  capitol  of 
Springfield  (Figure  1).  It  has  a  land  area  of  approximately  1,600  square  kilometers 
(Gaquin  &  DeBrandt,  2006).  According  to  the  U.S.  Bureau  of  the  Census  (1995)  the 
population  is  approximately  31,000. 

Prior  to  European  settlement,  Logan  County  was  85%  prairie,  14%  forested  and  1% 
water  and  swamp  (Illinois  Natural  History  Survey,  2007).  Along  with  herbaceous  prairie 
vegetation,  upland  trees  included  Cary  a  ovata,  Quercus  alba,  Q.  macrocarpa  and  Q. 
velutina.  Trees  growing  along  waterways  included  Acer  saccharinum,  Fraxinus  sp.  and 
Ulmus  americana.  According  to  the  USDA  (2007),  today  nearly  90%  of  the  County  is 
devoted  to  agricultural  crops,  thus  limiting  the  lichen  flora  to  natural  areas  along  water¬ 
ways  (Sugar,  Salt  and  Kickapoo  Creeks),  in  cemeteries,  parks  and  Illinois  Nature  Pre¬ 
serves  at  Elkhart  (Elkhart  Grove)  and  Atlanta  (Bellrose). 

According  to  Schwegman  (1973),  the  natural  divisions  described  for  central  Illinois  that 
occur  in  Logan  County  mainly  include  the  Grand  Prairie  Natural  Division,  with  much  of 
it  represented  by  the  Springfield  Section.  The  Grand  Prairie  Section  of  the  Grand  Prairie 
Natural  Division  is  represented  in  the  northeastern  part  of  the  County.  A  small  portion  in 
the  northwestern  part  of  the  County  is  in  the  Illinois  River  Section  of  the  Upper  Missis- 
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sippi  River  and  Illinois  River  Bottomlands  Division. 

The  terrain  is  generally  rolling  to  hilly,  but  level  to  undulating  in  upland  areas.  Elevations 
range  from  a  low  of  155  meters  above  sea  level  along  the  western  border  in  the  Salt 
Creek  and  Sugar  Creek  waterways,  to  a  high  of  235  meters  at  Elkhart  Hill  in  Elkhart. 
(Illinois  State  Geological  Survey,  2006).  Centrally  located,  the  city  of  Lincoln  is 
approximately  181  meters  above  sea  level. 

The  climate  is  considered  continental  with  fairly  cold  winters  and  warm  summers  (Bair, 
1992).  The  average  temperatures  in  January  range  from  a  high  of  .5°  C  to  a  low  of -8.8° 
C.  The  average  July  temperatures  range  from  a  high  of  30.5°  C  to  a  low  of  18.3°  C.  The 
average  annual  precipitation  is  91  cm  with  61  cm  occurring  as  snow. 

MATERIALS  AND  METHODS 

This  project  began  in  1993  with  a  few  collections  of  lichens  being  made  by  the  author 
near  the  cities  of  Atlanta,  Broadwell,  Elkhart  and  Lincoln.  After  a  13-year  hiatus  from 
visiting  Logan  County,  the  author  revisited  those  cities  in  2006  and  sampled  the  remain¬ 
der  of  the  County.  During  2006,  three  trips  were  made  in  this  respect. 

Seventeen  locations  were  sampled  throughout  Logan  County  for  this  study  (Table  1).  An 
attempt  was  made  to  collect  and  identify  lichens  from  as  many  types  of  habitats  as  possi¬ 
ble.  Surveys  were  conducted  by  walking  each  of  the  sample  locations  for  2  hours  with  all 
lichens  found  identified  in  that  period.  This  technique  was  repeated  at  all  seventeen  loca¬ 
tions.  The  majority  of  sample  locations  were  visited  only  once,  as  they  were  small  in  size 
and  had  fewer  substrates  to  examine,  while  larger  locations  were  sampled  multiple  times. 

The  abundance  and  distribution  of  the  lichen  flora  was  determined  by  counting  the  num¬ 
ber  of  locations  each  lichen  species  was  found  at  and  assigning  that  species  an  abundance 
category.  Assignment  of  abundance  categories  was  based  on  the  following  criteria:  rare 
(found  at  1-4  locations),  occasional  (5-9  locations),  frequent  (10-14  locations)  and  com¬ 
mon  (15-17  locations).  These  abundance  categories  refer  to  values  relative  to  Logan 
County  and  not  the  rest  of  Illinois. 

To  assist  in  lichen  identification,  tests  for  chemical  substances  produced  by  lichens  were 
made  on  specimens  with  two  chemical  reagents:  calcium  hypochlorite  [Ca(ClO)^,  abbre¬ 
viated  as  C]  and  potassium  hydroxide  [KOH,  abbreviated  as  K]  and  follow  Hale  (1973). 
Some  species  of  lichens  contain  acids,  which  react  to  these  reagents,  resulting  in  color 
changes  of  their  upper  cortex  (upper  fungal  layer)  or  medulla  (middle  fungal  layer).  The 
presence  or  absence  of  reactions  between  these  acids  and  these  reagents  were  used  to 
identify  some  lichen  species. 

The  growth  form  of  each  lichen  was  determined: (leaf-like),  crustose  (crust-like) 
or  fruticose  (shrub-like)  as  well  as  the  substrate:  saxicolous  (growing  on  concrete,  dolo¬ 
mite  or  granite),  corticolous  (growing  on  the  bark  of  trees  or  shrubs),  lignicolous  (grow¬ 
ing  on  wood  or  decorticate  logs)  or  other  (growing  on  steel,  paint,  fiberglass,  fungi,  etc.). 
Nomenclature  and  species  concepts  for  vascular  plants  identified  as  substrates  follow 
Dirr  (1998)  or  Swink  and  Wilhelm  (1994). 
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All  lichen  collections  have  been  deposited  in  the  herbarium  at  the  Morton  Arboretum 
(MOR),  Lisle,  Illinois. 


RESULTS  AND  DISCUSSION 

Sixty  species  of  lichens  in  35  genera  are  reported  from  Logan  County,  Illinois.  Thirty- 
four  lichens  (57%)  are  of  the  crustose  growth  form,  24  (40%)  are  foliose  and  2  (3%)  are 
fruticose.  Based  on  the  abundance  and  distribution  criteria,  41  species  (68%)  are  consid¬ 
ered  to  be  rare  in  Logan  County,  14  (24%)  are  occasional,  3  (5%)  are  frequent  and  2  (3%) 
are  common.  Two  lichens,  Candelaria  concolor  and  Physcia  millegrana  were  the  most 
common  lichens  in  Logan  County  and  were  found  on  all  three  types  of  substrates.  These 
two  lichens  are  pollution  tolerant  and  usually  thrive  in  disturbed  situations.  No  lichens 
found  here  are  threatened  or  endangered  in  Illinois. 

Of  the  41  lichens  that  are  rare,  26  were  found  at  single  locations  and  are  indicated  in  the 
annotated  species  list  as  such.  Half  of  these  26  species,  though  routinely  found  in  central 
Illinois,  were  rare  in  Logan  County  because  substrate  material  was  limited: 

•  On  wood  fencing:  Caloplaca  holocarpa,  Cladonia  cristatella,  C.  macilenta  var. 
bacillaris,  Cyphellium  tigillare,  Lecanora  umbrina,  Trapeliopsis  flexuosa 

•  On  fungi:  Phaeocalicium  polyporaeum 

•  On  weathered  concrete:  Thelidium  zwackhii,  Candelariella  aurella,  Caloplaca 
cf.feracissima 

•  On  gravel:  Verrucaria  muralis 

•  On  bark:  Lecanora  symmicta 

•  On  Juglans  nigra:  Caloplaca  ulmorum 

The  remaining  13  lichens  are  typically  rare  or  uncommon  in  central  Illinois: 

•  On  granite  headstones:  Xanthoparmelia  conspersa 

•  On  granite  boulders:  Rinodina  oxidata 

•  On  concrete:  Caloplaca  citrina  and  Caloplaca  species  (Hyerczyk  #2117) 

•  On  Liquidambar  styraciflua:  Biatora  species  (Hyerczyk  #2066). 

•  On  Acer  saccharinum:  Amandinea  dakotensis 

•  On  Celtis  occidentalis:  Arthonia  species  (Hyerczyk  #2067)  and  Opegrapha 
varia 

•  On  Crataegus  mollis:  Myelochroa  aurulenta 

•  On  Juglans  nigra:  Lecanora  hagenii 

•  On  Populus  deltoides:  Physcia  americana 

•  On  Quercus  rubra  trunk:  Flavopunctelia  soredica 

•  On  Quercus  rubra  fencing:  Amandinea  dakotensis  and  Buellia  stillingiana 

Lichens  were  found  on  45  different  species  trees  and  shrubs  in  Logan  County  (Appendix 
I).  The  five  most  common  corticolous  substrates  were  Quercus  rubra  with  20  lichen  spe¬ 
cies,  followed  by  Juglans  nigra  (15  species),  Quercus  alba  and  Celtis  occidentalis  (14 
species)  and  Acer  saccharinum  (13  species).  Twelve  or  fewer  lichens  were  found  on  the 
remaining  trees  and  shrubs. 

Some  lichens  growing  on  the  bark  of  young,  smooth,  twigs  and  stems  included  Amandi- 
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nea  dakotensis,  Arthonia  species  (Hyerczyk  #2067),  Graphis  scripta  and  Lecanora  stro- 
bilina.  Lichens  found  on  the  trunks  and  canopy  branches  of  older,  larger  trees  included 
Anisomeridium  polypori,  Flavoparmelia  caperata,  Julella  fallaciosa,  Lepraria  lobificans, 
Parmotrema  hypotropum,  P.  reticulatum,  Physcia  aipolia,  Punctelia  spp.,  and 
Xanthomendoza  spp.  The  lichen  flora  was  generally  found  growing  at  the  base  of  trees  or 
on  canopy  branches.  Here  soil  evaporation  or  transpiration  may  contribute  to  their 
growth. 

Weathered  wood  was  the  most  common  lignicolous  substrate  in  Logan  County  with  22 
lichen  species.  Lichens  growing  on  weathered  wood  fencing,  and  other  lignicolous  sub¬ 
strates,  included  Amandinea  punctata,  Galop laca  holocarpa,  C.  microphyllina,  Cladonia 
cristatella,  Cyphelium  tigillare  and  Trapeliopsis  flexuosa. 

Weathered  concrete  was  the  most  common  saxicolous  substrate  with  14  lichen  species. 
Lichens  growing  on  concrete,  and  other  saxicolous  substrates,  included  Bacidina 
egenula,  Caloplaca  citrina,  C.  subsoluta,  Candelariella  aurella,  Endocarpon  pallidulum, 
Lecanora  dispersa,  Phaeophyscia  hirsuta,  Physconia  leucoleiptes,  Rinodina  oxydata  and 
Verrucaria  muralis. 

Six  or  fewer  species  of  lichens  were  found  on  each  of  the  remaining  substrates,  which 
included  fungi,  cloth,  steel,  painted  aluminum  fencing  and  a  fiberglass  boat  frame. 

The  lichen  flora  of  Logan  County  appears  to  be  similar  in  composition  and  diversity  to 
other  areas  in  central  Illinois  such  as  the  Lincoln  Memorial  Garden  (LMG)  in  Springfield 
(Sangamon  County,  Illinois)  and  counties  north  of  Logan  County.  The  LMG  grounds  are 
a  mixture  of  woodlands  and  prairie  plantings.  Hyerczyk  (2004,  unpublished)  reported  23 
species  of  lichens  at  LMG,  19  of  which  are  also  known  from  Logan  County. 
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KEY  TO  GROUPS  &  GENERA  AND  ANNOTATED  SPECIES  LIST 


This  section  includes  a  key  to  the  groups  and  genera  of  the  lichens  of  Logan  County, 
Illinois.  Following  this  section,  arranged  alphabetically  by  genus  and  species,  is  an 
annotated  species  list  with  abundance  and  distribution  information,  and  a  brief  descrip¬ 
tion  of  habitat.  A  key  is  provided  for  each  genus  that  is  represented  in  Logan  County  by 
more  than  one  species.  All  collections  were  made  by  the  author  and  are  identified  with  an 
accession  number  following  the  substrate  upon  which  the  collection  was  made  (e.g.  (Rhus 
glabra  (#1234)).  Nomenclature  and  authorities  follow  Esslinger  (2007).  At  least  one 
representative  specimen  has  been  chosen  to  voucher  each  reported  species. 


1 .  Fruiting  body  terminating  a  slender  black  stalk . PHAEOCALICIUM 

1.  Fruiting  body  sessile  to  immersed,  not  terminating  a  slender  black  stalk,  or  fruiting  body 

absent . 2. 

2(1).  Thallus  scale-like,  of  ascending  squamules;  fruiting  bodies,  if  present,  red,  on  simple 

to  slightly  branched  podetia;  podetia  resembling  pointed  or  blunt  clubs . 

. CLADONIA 

2.  Thallus  not  as  above . 3. 

3(2).  Thallus  leaf-like,  usually  attached  to  substrate  by  rhizines;  with  both  an  upper  and  lower 

cortex  present . I  -  FOLIOSE  LICHENS 

3.  Thallus  crust  like,  tightly  attached  to  substrate,  lacking  rhizines  and  a  lower  cortex 4. 

4(3).  Fruiting  bodies  absent . II  -  STERILE  CRUSTOSE  LICHENS 

4.  Fruiting  bodies  present . 5. 

5(4).  Fruiting  body  flask-like,  embedded  in  the  upper  cortex  with  only  the  apex  visible,  opening 

by  an  apical  pore;  a  perithecium . Ill  -  CRUSTOSE  LICHENS  WITH  PERITHECIA 

5.  Fruiting  body  substellate,  elongated,  round  or  disk-like,  sessile  with  upper  cortex;  an 
apothecium . IV  -  CRUSTOSE  LICHENS  WITH  APOTHECIA 

I  -  FOLIOSE  LICHENS 


1 .  Thallus  some  shade  of  orange,  yellow  or  yellowish  green . 2. 

1 .  Thallus  some  shade  of  brown,  gray  or  green . 6. 

2(1).  Thallus  K+  violet . XANTHOMENDOZA. 

2.  Thallus  K- . 3. 

3(2).  Thallus  yellow  (or  yellow  green  when  wet),  lobes  0. 1-0.3  mm  wide;  lower  surface  white . 

. CANDELARIA 

3.  Thallus  yellow  green,  lobes  1 .5-8  mm  wide;  lower  surface  brown  to  black . 4. 

4(3).  Thallus  esorediate;  lobes  1.5-4  mm  wide .  XANTHOPARMELIA 

4.  Thallus  sorediate . 5. 

5(4).  Upper  cortex  with  white  pores;  medulla  C-f  red;  lobes  4-8  mm  wide ..  FLAVOPUNCTELIA 

5.  Upper  cortex  without  pores;  medulla  C-;  lobes  2-8  mm  wide . FLAVOPARMELIA 

6(1).  Thallus  brownish  gray,  greenish  gray  or  dark  gray;  K- . 7. 

6.  Thallus  whitish  gray  to  bluish  gray;  K-i-  yellow  or  rarely  K- . 9. 

7(6).  Thallus  lobes  white  pruinose . PHYSCONIA 

7.  Thallus  lobes  epruinose . 8. 

8(7).  Rhizines  absent,  thallus  tightly  attached  to  substrate .  HYPERPHYSCIA 

8.  Rhizines  present,  thallus  loosely  attached  to  substrate . PHAEOPHYSCIA 


9(6).  Lower  surface  mostly  brown  to  black  (may  have  a  wide  white  or  tan  zone  along  the  margin) 


. 10. 

9.  Lower  surface  white  to  pale  tan . 12. 

10(9).  Medulla  pale  yellow  to  cream  colored . MYELOCHROA 

1 0 .  Medulla  white . 11. 

11(10). Upper  cortex  with  white  angular  markings;  margins  of  lobes  eciliate;  lobes  2-5  mm  wide 
with  squared  ends;  rhizines  to  margin . PARMELIA 
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1 1 .  Upper  cortex  without  markings;  margins  of  lobes  ciliate;  lobes  6-20  mm  wide  with  rounded 


ends;  wide  marginal  zone  without  rhizines . PARMOTREMA 

12(9).  ThallusK- . PHYSCIELLA 

12.  Thallus  K+  yellow . 13. 

13(1 2). Upper  cortex  with  white  pores;  medulla  C-  or  C+  red . PUNCTELIA 

13.  Upper  cortex  without  pores;  medulla  C- . PHYSCIA 

II  -  STERILE  CRUSTOSE  LICHENS 

1 .  Thallus  lemon  yellow .  CANDELARIELLA 

1 .  Thallus  gray  or  green . 2. 

2(1)  Thallus  leprose,  entirely  sorediate . LEPRARIA 

2.  Thallus  areolate,  the  areoles  producing  soralia . 3. 

3(2).  Thallus  C+  pink . TRAPELIOPSIS 

3.  Thallus  C- . BIATORA 

III  -  CRUSTOSE  LICHENS  WITH  PERITHECIA 

1 .  Thallus  corticolous . 2 . 

1.  Thallus  saxicolous . 3. 

2(1).  Thallus  white;  alga  absent;  spores  muriform;  conidia  bacilliform .  JULELLA 

2.  Thallus  gray;  alga  present;  spores  1-3  septate,  with  one  larger  cell;  conidia  elliptical 

. ANISOMERIDIUM 

3(1).  Spores  simple . VERRUC ARI A 

3.  Spores  muriform  or  septate . 4. 

4(3).  Thallus  brown  (or  green  when  wet),  squamulose;  spores  muriform . 

. ENDOCARPON 

4.  Thallus  green,  thin,  granulose;  spores  3  septate . THELIDIUM 


IV  -  CRUSTOSE  LICHENS  WITH  APOTHECIA 

1.  Apothecia  substellate,  round  or  irregular;  thallus  a  thin  crust  or  thallus  leprose,  entirely 


sorediate  . 2. 

I .  Apothecia  round  or  disk-like;  thallus  well  developed  to  absent . 4. 

2(1).  Apothecial  rim  absent,  spores  3-5  septate . ARTHONIA 

2.  Apothecia  rim  present,  spores  5  to  multi-septate . 3. 

3(2).  Apothecia  oblong;  spores  5-7  septate,  cells  rectangular .  OPEGRAPHA 

3.  Apothecia  elongated  to  branching;  spores  5-15  septate,  cells  lens-shaped .  GRAPHIS 

4(1).  Apothecial  rim  thalloid,  with  algal  cells . 5. 

4 .  Apothecial  rim  without  algae . 10. 

5(4).  Spores  non-septate . 6. 

5 .  Spores  polarilocular  or  septate . 7 . 

6(5).  Apothecia  yellow .  CANDELARIELLA 

6.  Apothecia  not  yellow . LECANORA 

7(5).  Spores  polarilocular .  CALOPLACA 

7.  Spores  septate . 8. 

8(7).  Asci  disintegrating  into  a  mass  of  spores  at  maturity . CYPHELIUM 

8.  Asci  evident  at  maturity . 9. 

9(8).  Spore  wall  thin;  lumen  of  cells  cylindrical . AMANDINEA 

9.  Spore  wall  thick;  lumen  of  cells  angular . RINODINA 

10(4).  Apothecia  and  thallus  K-i-  red . BUELLIA 

10.  Apothecia  and  thallus  K- . 1 1 . 

1  l(10).Spores  brown,  ellipsoid,  1 -septate . AMANDINEA 

I I .  Spores  hyaline,  acicular,  3-7  septate . BACIDINA 
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ANNOTATED  SPECIES  LIST 

AMANDINEA  M.  Choisy  ex  Scheid.  &  H.  Mayrh. 

Reference:  Sheard  &  May  (1997). 

1.  Thallus  thin,  greenish  to  gray;  apothecia  with  algal  cells,  with  a  thalloid  margin,  the  rim 
concolorous  with  the  disk;  spores  ovoid,  constricted  at  septum . Amandinea  dakotensis 

1.  Thallus  gray;  apothecia  without  algal  cells,  lacking  a  thalloid  margin,  the  rim  and  disk 
black;  spores  elliptical,  not  constricted  at  septum .  Amandinea  punctata 

Amandinea  dakotensis  (H.  Magn.)  P.  May  &  Sheard 

Rare  on  young  smooth  twigs  and  branches  of  Acer  saccharinum  (#2037,  #2050)  and  Quercus  rubra 
(#2094).  Known  only  from  a  single  location. 

Amandinea  punctata  (Hoffm.)  Coppins  &  Scheid. 

Rare  on  weathered  wood  fencing  (#2255)  and  on  young  twigs  and  branches  of  various  trees. 

ANISOMERIDIUM  (Miill.  Arg.)  M.  Choisy 

Anisonieridium  polypori  (Ellis  &  Everh.)  M.  E.  Barr 

Rare  in  shaded  woodlands  on  the  lower  trunks  of  Quercus  alba  (#2048)  and  other  trees.  This  spe¬ 
cies  is  often  present  on  White  Oak  where  it  gives  the  trunk  its’  grayish  color.  It  can  be  confused 
with  Julella,  which  lacks  a  photobiont  while  Anisomeridium  has  Trentepohlia. 

ARTHONIA  Ach. 

Reference:  Brodo,  I.M.,  S.  D.  Shamoff,  and  S.  Sharnoff  (2001),  Thomson  (2003),  Willey  (1890). 

1.  Photobiont  chlorococcoid;  thallus  green,  granulose-leprose,  entirely  sorediate;  apothecia  ± 
round,  blue-gray,  pruinose;  spores  3-(5)  septate. 

1 .  Photobiont  Trentepholia;  thallus  smooth,  thin,  silvery  gray,  esorediate;  apothecia  substellate 
to  irregular,  black,  but  appearing  pruinose  due  to  growth  under  epidermal  cells  of  twigs; 
spores  2  septate. 

Arthonia  caesia  (Flotow)  Korber 

Occasional  on  smooth  shrubs  and  tree  branches  (#2049,  #2099).  It  was  also  found  on  an  old  fiber¬ 
glass  boat  frame.  The  blue-gray,  pruinose  apothecia  and  green  granulose-leprose  thallus  are  good 
diagnostic  features  of  this  lichen. 

Arthonia  species  (Hyerczyk  #2061 ,  sensu  the  Lichen  Flora  of  Logan  County,  Illinois) 

Rare  on  the  smooth  young  twigs  and  branches  of  Celtis  occidentalis  (#2067). 

This  lichen  grows  under  the  epidermal  cells  of  smooth,  young  twigs,  giving  the  apothecia  a  “prui¬ 
nose”  look.  The  thin,  silvery  gray  thallus  is  a  good  indicator  of  this  lichen. 

Thallus  smooth,  thin,  silvery  gray,  esorediate;  photobiont  Trentepholia;  apothecia  substellate  to 
irregular,  black,  but  appearing  pruinose  due  to  growth  under  epidermal  cells  of  twigs;  spores 
hyaline,  1-septate,  2  celled,  20-25  pm  long  X  10  pm  wide;  8  spores  per  ascus.  This  lichen  has 
pyriform  asci  similar  to  the  illustration  of  A.  radiata  (Pers.)  Ach.  in  Brodo  (2001)  pg.  26  Figure 
14n,  but  spores  are  1-septate,  2-celled  not  5  celled  as  in  A.  radiata.  Asci:  40  um  high  x  30  wide 
including  a  10  um  neck  x  lOum  long.  Known  only  from  a  single  location. 

BACIDINA  Vezda 


Bacidina  egenula  (Nyl.)  Vezda 

Rare  on  weathered  concrete  (#2047,  #2089)  and  calcareous  gravel  (#2101,  #21 16)  in  moist,  shaded 
habitats. 
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BIATORA  Fr. 


Biatora  species  (Hyerczyk  #2066). 

Rare  at  the  base  of  Liquidambar  styraciflua  (#2066).  This  species  has  an  areolate  thallus  which 
breaks  up  into  pustular  soredia.  No  lichen  substances  were  found  in  this  collection  using  thin- 
layer  chromatography.  It  compares  well  with  Lecidea  sp.  #4  sensu  Harris  (1977)  (Richard  Harris, 
New  York  Botanical  Garden,  pers.  comm.).  Known  only  from  a  single  location. 

BUELLIA  De  Not. 


Buellia  stillingiana  J.  Steiner 

Rare  on  the  bark  of  Quercus  rubra  (#2041).  This  collection  was  made  off  oak  logs  used  as  decora¬ 
tive  split  rail  fencing  at  the  Mount  Pulaski  Courthouse  in  Lincoln.  It  is  not  known  if  the  lichen,  or 
the  oak  logs  used  for  fencing,  is  native  or  introduced  to  Logan  County.  Only  four  collections 
from  Illinois  were  found  in  the  herbarium  at  the  Morton  Arboretum,  three  from  Johnson,  Hardin 
and  Gallatin  Counties  in  southern  Illinois  and  one  from  Ogle  County  in  northern  Illinois.  This 
lichen  is  included  in  this  flora  because  it  is  possible  it  is  native  and  with  further  sampling  it  will 
eventually  be  found  in  the  County.  Known  only  from  a  single  location. 

CALOPLACA  Th.Fr. 


Reference:  Thomson  (2003). 

1 .  Growing  on  bark  or  wood . 2. 

1 .  Growing  on  concrete,  bricks  or  cinders . 4. 

2(1).  Apothecia  and  thallus  K-;  apothecial  disk  a  dull  waxy  yellow  with  a  white  pruinose 

rim . Caloplaca  ulmorum 

2.  Apothecia  K-i-  violet,  thallus  K-  or  K-i-  violet . 3. 

3(2).  Thallus  pale  to  light  gray,  K-,  apothecial  disk  and  rim  yellow-orange..  Caloplaca  holocarpa 

3.  Thallus  orange,  K-i-  violet,  consisting  of  sorediate  areoles;  apothecia  rare . 

. Caloplaca  microphyllina 

4(1).  Thallus  granular  sorediate,  K-i-  violet;  apothecia  K-i-  violet .  Caloplaca  citrina 

4.  Thallus  esorediate  or  absent,  K-  or  K+  violet ;  apothecia  K-t-  violet . 5. 

5(4).  Thallus  yellow  K-i-  violet,  lobed,  continuous,  but  mostly  around  apothecia;  spores  9-13  pm 

X  5. 5-7.0  pm,  isthmus  3. 5-4 .5  pm . Caloplaca  subsoluta 

5.  Thallus  thin,  gray  K-,  or  absent . 6. 

6(5).  Thallus  thin,  gray;  spores  12-12.5  pm  x  5-6  pm,  isthmus  2-2.5  pm . 

. Caloplaca  species  (Hyerczyk  #2117) 

6.  Thallus  absent;  spores  15.0  pm  x  3.5  pm,  isthmus  2.5  pm . 

. Caloplaca  cf.  feracissima 


Caloplaca  citrina  (Hoffm.)  Th.  Fr. 

Rare  on  a  weathered  concrete  feed  trough  (#2106)  at  Old  Gillett  Farm.  This  lichen  may  be  confused 
with  the  foliose  lichen,  Candelaria  concolor  (Dickson)  Stein,  which  has  a  rhizinate  lower  cortex 
and  a  K-  upper  cortex.  Known  only  from  a  single  location. 

Caloplaca  cf.  feracissima  H.  Magn. 

Rare  on  weathered  concrete  (#996).  Known  only  from  a  single  location. 

Caloplaca  holocarpa  (Hoffm.  ex  Ach.)  A.  E.  Wade 

Rare  on  weathered  wood  fencing  (#2053).  Known  only  from  a  single  location. 

Caloplaca  microphyllina  (Tuck.)  Hasse 

Occasional  on  weathered  wood  fencing  (#1004,  #1005,  #2077)  and  on  the  trunk  of  Liriodendron 
tulipifera.  This  lichen  resembles  rust  stains  on  wood  fencing. 
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Caloplaca  subsoluta  (Nyl.)  Zahlbr. 

Occasional  on  weathered  bricks  and  concrete  (#2090,  #2095). 

Caloplaca  ulmorum  (Fink)  Fink 

Rare  at  the  base  of  Juglans  nigra  (#1023)  at  a  cemetery.  The  dull  waxy  yellow  apothecial  disk  with 
a  white  pruinose  rim  are  good  field  indicators.  Known  only  from  a  single  location. 

Caloplaca  species  (Hyerczyk  #2117,  sensu  the  Lichen  Flora  of  Logan  County,  Illinois) 

Rare  on  weathered  concrete.  This  lichen  has  a  thin,  gray  thallus  with  a  K-  reaction.  The  apothecia 
are  yellow  and  are  K+  violet.  The  disk  is  a  dark  yellow  and  the  rim  is  lighter  yellow.  The  asco- 
spores  measure  12.0-12.5  pm  long  X  5-6  pm  wide,  and  have  an  isthmus  2-2.5  pm  wide.  Hypo- 
thallus  not  present.  Known  only  from  a  single  location. 

CANDELARIA  A.  Massal. 

Candelaria  concolor  (Dickson)  Stein 

Common  on  a  variety  of  substrates  including  a  fiberglass  boat  frame,  cloth,  painted  aluminum 
fencing  (#2080),  weathered  concrete,  granite  and  wood,  and  on  the  limbs  and  trunks  of  several 
species  of  trees  including  Acer  saccharum  (#980),  Juglans  nigra  (#1031),  Quercus  alba  (#1008) 
and  Ulmus  rubra  (#994).  Totally  sorediate  forms  of  this  lichen,  referred  to  as  Candelaria  con- 
color  var.  ejfusa  (Tuck.)  Burnham  may  intergrade  with  this  species.  This  lichen  may  also  be 
mistaken  for  the  crustose  lichen,  Caloplaca  citrina  (Hoffm.)  Th.  Fr.,  which  lacks  a  lower  cortex 
and  is  K-f-  violet. 


CANDELARIELLA  Miill.  Arg. 

References:  Harris  &  Buck  (1978),  Thomson  (2003). 

1 .  Thallus  sorediate,  consisting  of  rounded  areoles  which  break  down  into  a  leprose  crust . 

. Candelariella  reflexa 

1 .  Thallus  esorediate . 2. 

2(1).  Thallus  growing  on  wood  or  bark,  consisting  mainly  of  corticate  granules;  apothecia 

rare . Candelariella  xanthostigma 

2.  Thallus  growing  on  concrete,  lacking  or  not  evident  (growing  within  substrate); 

apothecia  common;  spores  simple,  \2.5  \1 .5  pm  long,  eight  per  ascus . 

. Candelariella  aurella 


Candelariella  aurella  (Hoffm.)  Zahlbr. 

Rare  on  weathered  concrete  (#986,  #2039).  Known  only  from  a  single  location.  This  lichen  could 
be  mistaken  for  another  crustose  lichen,  Caloplaca  cf.  feracissima  H.  Magn,  which  has  K-i-  violet 
apothecia  and  polarilocular  spores. 

Candelariella  reflexa  (Nyl.)  Lettau 

Rare  on  the  lower  trunk  of  Celtis  occidentalis  (#2103).  Candelariella  reflexa  is  a  western  species 
that  has  8  spores  per  ascus.  C.  efflorescens  R.  C.  Harris  &  W.  R.  Buck,  is  an  eastern  species  with 
32  spores  per  ascus.  Based  on  thallus  characters  alone,  the  two  species  are  virtually  indistin¬ 
guishable  in  their  sterile  conditions.  Since  fertile  specimens  from  most  of  central  Illinois  have  8 
spores  per  ascus  all  sterile  collections  are  defaulted  to  C.  reflexa. 

Candelariella  xanthostigma  (Ach.)  Lettau 

Rare  on  weathered  wood  fencing  and  on  the  lower  trunks  of  Juglans  nigra  (#1022,  #1024)),  Popu- 
lus  deltoides  (#21 1 1)  and  Quercus  alba  (#1006,  #2068). 

CLADONIA  P.  Browne 

References:  Brodo,  I.M.,  S.  D.  Sharnoff,  and  S.  Sharnoff  (2001),  Hale  (1979) 
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1.  Thallus  and  podetia  K-,  esorediate;  podetia  wholly  corticate,  slightly  branched  at  the  apex; 

basal  squamules  finely  divided,  more  than  2mm  long . Cladonia  cristatella 

1.  Thallus  and  podetia  often  weakly  K+  yellow,  sorediate;  podetia  unbranched  to  slightly 
branched  at  the  apex;  basal  squamules  undivided,  with  marginal  soredia,  less  than  2mm 
long . Cladonia  macilenta  var.  hacillaris 

Cladonia  cristatella  Tuck. 

Rare  on  weathered  wood  fencing  (#992).  This  is  the  “British  Soldier”  lichen.  Known  only  from  a 
single  location. 

Cladonia  macilenta  var.  bacillaris  (Genth)  Schaerer 

Rare  on  weathered  wood  fencing  (#2056).  Known  only  from  a  single  location. 

CYPHELIUM  Ach. 


Cyphelium  tigillare  (Ach.)  Ach. 

Rare  on  weathered  wood  fencing  (#993,  #2076).  Known  only  from  a  single  location. 

ENDOCARPON  Hedwig 


Endocarpon  pallidulum  (Nyl.)  Nyl. 

Occasional  on  weathered  concrete  (#997),  dolomite  (#985)  and  calcareous  gravel  (#2096).  This 
species,  which  lack  rhizines,  is  similar  to  E.  pusillum  Hedw.,  a  species  with  rhizines  on  the  lower 
surface. 


FLAVOPARMELIA  Hale 


Flavoparmelia  caperata  (L.)  Hale 

Rare  on  the  trunks  and  lower  canopy  branches  of  a  variety  of  trees  including  Quercus  rubra 
(#2069). 

FLAVOPUNCTELIA  (Krog)  Hale 
Flavopunctelia  soredica  (Nyl.)  Hale 

Rare  on  the  lower  trunk  of  Quercus  rubra  (#2093).  The  C+  red  reaction  of  the  medulla  separates 
this  genus  from  Flavoparmelia.  Known  only  from  a  single  location. 

GR APHIS  Adans. 


Graphis  scripta  (L.)  Ach. 

Rare  on  the  lower  trunks  of  smooth  barked  trees  such  as  Cary  a  ovata  (#2114,  #21 14a)  and  Celtis 
occidentalis  (#2035). 


HYPERPHYSCIA  Mull.  Arg. 

Hyperphyscia  adglutinata  (Florke)  H.  Mayrh.  &  Poelt 

Rare  at  the  base  of  Celtis  occidentalis  (#2071).  This  foliose  species  can  be  mistaken  for  a  crustose 
lichen  as  it  lacks  rhizines  and  is  tightly  appressed  to  the  bark. 

JULELLA  Fabre 


Julella  fallaciosa  (Arnold)  R.  C.  Harris 

Rare  in  shaded  woodlands  on  the  lower  trunks  of  Celtis  occidentalis  (#2086)  and  Quercus  alba 
(#2048a).  Jullella  lacks  a  photobiont  and  may  be  confused  with  Anisomeridium  which  has  Tren- 
tepohlia. 
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LECANORA  Ach. 

Reference:  Brodo,  I.M.,  S.  D.  Sharnoff,  and  S.  Sharnoff  (2001),  Thomson  (2003). 


1 .  Thallus  growing  on  concrete  (rarely  on  wood) . ....Lecanora  dispersa 

1 .  Thallus  growing  on  wood  or  bark . 2. 

2(1).  Thallus  with  yellowish  tints . 3 . 

2.  Thallus  without  yellowish  tints . 4. 

3(2).  Apothecia  irregular,  smooth,  rim  disappearing  with  age . Lecanora  symmicta 

3.  Apothecia  round,  granular  sorediate,  rim  ecorticate,  persistant . Lecanora  strobilina 

4(2).  Apothecia  heavily  pruinose,  rim  persistant .  Lecanora  hagenii 


4.  Apothecia  epruinose  or  slightly  frosted,  rim  often  disappearing  with  age . 

. Lecanora  cf.  umbrina 


Lecanora  dispersa  (Pers.)  Sommerf. 

Occasional  on  weathered  concrete  (#999)  and  wood. 

Lecanora  hagenii  (Ach.)  Ach. 

Rare  at  the  base  of  Juglans  nigra  (#1025)  in  a  cemetery.  Known  only  from  a  single  location. 
Lecanora  strobilina  (Sprengel)  Kieffer 

Occasional  on  weathered  wood  fencing  (#989,  #2055,  #2074)  and  on  open  grown  trees  including  a 
landscape  planted  Pseudotsuga  menziesii  (#2070). 

Lecanora  symmicta  (Ach.)  Ach. 

Rare  on  the  bark  of  an  unknown  dead  tree  (#2098).  Known  only  from  a  single  location. 

Lecanora  cf.  umbrina  (Ach.)  A.  Massal. 

Rare  on  weathered  wood  fencing  (#981).  Known  only  from  a  single  location. 

LEPRARIA  Ach. 


Lepraria  lobificans  Nyl. 

Rare  on  weathered  limestone  and  bricks,  and  on  the  trunks  of  Acer  saccharinum  (#2038),  Quercus 
alba  (#1014)  and  other  trees  in  moist,  shaded  habitats. 

MYELOCHROA  (Asahina)  Elix  &  Hale 

Myelochroa  aurulenta  (Tuck.)  Elix  &  Hale 

Rare  on  the  lower  trunk  of  Crataegus  mollis  (#2107).  Known  only  from  a  single  location. 

OPEGRAPHA  Ach. 


Opegrapha  varia  Pers. 

Rare  on  the  lower  trunk  of  Celtis  occidentalis  (#2100)  in  shaded  woods  at  Elkhart  Grove  Nature 
Preserve.  Known  only  from  a  single  location. 

PARMELIA  Ach. 


Parmelia  sulcata  Taylor 

Occasional  on  weathered  wood  and  bark,  a  granite  monument  (#1029)  and  on  the  lower  trunk  of 
Gleditsia  triacanthos. 


PARMOTREMA  A.  Massal. 


Reference:  Hale  (1974). 
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1 .  Upper  cortex  distinctly  white  maculate;  lower  surface  black,  with  a  wide  white  or  tan  rhiz- 

ine-free  zone  along  the  margin;  upper  cortex  without  reticulate  cracks . 

. Parmotrema  hypotropum 

1.  Upper  cortex  dull,  emaculate;  lower  surface  brown  or  black  with  rhizines  up  to  the  margin; 
upper  cortex  reticulately  cracked . Parmotrema  reticulatum 

Parmotrema  hypotropum  (Nyl.)  Hale 

Occasional  on  weathered  wood  and  on  the  lower  trunks  and  branches  of  Fraxinus  pennsylvanica 
var.  subintegerrima  (#2051)  and  other  trees. 

Parmotrema  reticulatum  (Taylor)  M.  Choisy 

Occasional  on  weathered  wood  and  on  the  lower  trunks  and  branches  of  Acer  saccharinum,  Frax¬ 
inus  pennsylvanica  var.  subintegerrima  (#2054),  Liquidambar  styraciflua  and  Quercus  rubra 
(#2040,  #2092). 


PHAEOCALICIUM  A.  F.  W.  Schmidt 
Phaeocalicium  polyporaeum  (Nyl.)  Tibell 

Rare  on  the  polyporous  fungi,  Trichaptum  biforme  (Fr.)  Ryvarden,  which  was  growing  on  Prunus 
serotina  and  Quercus  rubra  (#2109).  Known  only  from  a  single  location. 

PHAEOPHYSCIA  Moberg 


Reference:  Esslinger  (1978). 

1 .  Thallus  esorediate . Phaeophyscia  ciliata 

1 .  Thallus  sorediate . 2. 

2(1).  Medulla  orange-red . Phaeophyscia  rubropulcha 

2.  Medulla  white . 3. 

3(2).  Lobe  tips  of  thallus  with  pale,  cortical  hairs;  soredia  marginal . Phaeophyscia  hirsuta 

3.  Lobe  tips  lacking  cortical  hairs;  soredia  capitate . Phaeophyscia  pusilloides 

Phaeophyscia  ciliata  (Hoffm.)  Moberg 

Rare  on  weathered  wood  fencing  (#2075)  and  Populus  deltoides  (#21 10). 

Phaeophyscia  hirsuta  (Mereschk.)  Essl. 

Occasional  on  a  variety  of  substrates  including  a  fiberglass  boat  frame,  weathered  wood  fencing, 
concrete  (#10 15b),  granite  boulders,  limestone  headstones  in  cemeteries  (#982),  and  on  the  lower 
trunks  of  Juglans  nigra,  Liquidambar  styraciflua  (#2083)  and  other  trees.  The  pale,  cortical  hairs 
along  the  edge  of  the  thallus  are  good  field  characteristics. 

Phaeophyscia  pusilloides  (Zahlbr.)  Essl. 

Rare  at  the  base  and  trunks  of  Acer  saccharum  (#2045)  and  other  trees. 

Phaeophyscia  rubropulchra  (Degel.)  Essl. 

Occasional  at  the  base  of  Fraxinus  americana  (#1011),  Juglans  nigra  (#1026,  #1032),  Quercus 
rubra  (#2073)  and  other  trees  in  moist,  shaded  habitats.  Although  the  orange-red  medulla  of  this 
lichen  is  distinctive,  some  parts  may  be  white. 

PHYSCIA  (Schreber)  Michaux 


Reference:  Thomson  (1963). 

1.  Thallus  esorediate . 2. 

1 .  Thallus  sorediate . 3. 

2(1).  Medulla  K-i-  yellow;  upper  cortex  with  white  spots . Physcia  aipolia  var.  aipolia 

2.  Medulla  K-;  upper  cortex  without  white  spots . Physcia  stellaris 


66 


3(1).  Thallus  lobes  to  0.5  mm  wide;  medulla  and  soredia  K-;  soredia  granular . 

. Physcia  millegrana 

3.  Thallus  lobes  more  than  0.7  mm  wide;  medulla  and  soredia  K+  yellow;  soredia  fine  and 
powdery . Physcia  americana 

Physcia  aipolia  (Ehrh.  ex  Humb.)  Fiirnr.  var.  aipolia 

Rare  on  Acer  saccharum  (#1018,  #1020),  Liquidambar  styraciflua  (#2085)  and  other  trees. 

Physcia  americana  G.  Merr. 

Rare  at  the  base  of  Populus  deltoides  (#2118).  Known  only  from  a  single  location. 

Physcia  millegrana  Degel. 

Common  on  a  variety  of  substrates  including  a  fiberglass  boat  frame,  cloth,  steel,  painted  aluminum 
fencing  (#2078),  weathered  bark,  wood,  granite  and  concrete,  and  on  the  limbs  and  trunks  of 
several  species  of  trees  including  Acer  saccharinum  (#1013),  A.  saccharum  (#978)  and  Quercus 
alba  (#1010). 

Physcia  stellaris  (L.)  Nyl. 

Frequent  on  a  variety  of  substrates  including  a  fiberglass  boat  frame,  steel,  painted  aluminum 
fencing  (#2079),  fallen  branches,  weathered  wood  fencing  (#990),  concrete,  and  on  the  limbs  and 
trunks  of  several  species  of  trees  including  Fraxinus  americana  (#1012)  and  Liquidambar 
styraciflua  (#2085). 


PHYSCIELLA  Fssl. 


Physciella  chloantha  (Ach.)  Fssl. 

Frequent  on  a  fiberglass  boat  frame,  steel,  weathered  headstones,  concrete,  and  on  the  limbs  and 
trunks  of  several  species  of  trees  including  Celtis  occidentalis  (#2072)  and  Juglans  nigra 
(#2084) 


PHYSCONIA  Poet 


Physconia  leucoleiptes  (Tuck.)  Fssl. 

Rare  on  weathered  concrete,  limestone  headstones  (#1002)  and  on  Juglans  nigra  (#1016,  #1027). 
Easily  recognized  in  the  field  by  the  pruinose  lobes. 

PUNCTELIA  Krog 

References:  Aptroot  (2003),  Krog  (1982),  Wilhelm  &  Ladd  (1992). 


1 .  Thallus  without  isidia  or  soredia;  medulla  C- . Punctelia.  bolliana 

1 .  Thallus  isidiate  or  sorediate;  medulla  C+  red . 2. 

2(1).  Thallus  isidiate . Punctelia  rudecta 

2.  Thallus  sorediate . Punctelia  missouriensis 


Punctelia  bolliana  (Mull.  Arg.)  Krog 

Occasional  at  the  base  and  lower  canopy  branches  of  Quercus  alba  (#995,  #1009,  #1019,  #2046) 
and  other  trees. 

Punctelia  missouriensis  G.  Wilh.  &  Ladd 

Rare  on  weathered  wood  fencing  and  at  the  base  and  lower  canopy  branches  of  Acer  saccharum 
(#1017),  Quercus  alba  (#2033)  and  Q.  macrocarpa. 

Punctelia  rudecta  (Ach.)  Krog 

Frequent  on  weathered  wood  fencing  and  at  the  base  and  lower  canopy  branches  of  Juglans  nigra 
(#1028),  Quercus  alba  (#1003,  #1007,  #2032)  and  other  trees. 


67 


RINODINA  (Ach.)  Gray 
Rinodina  oxydata  (A.  Massal.)  A.  Massal. 

Rare  on  a  granite  boulder  (#2115)  in  shaded  woods  at  the  Bellrose  Nature  Preserve.  Known  only 
from  a  single  location. 


THELIDIUM  A.  Massal. 


Thelidium  zwackhii  (Hepp)  Massal. 

Rare  on  weathered  calcareous  gravel  (#2091)  in  shaded  woods.  According  to  Theodore  Esslinger 
and  Dick  Harris  (pers.  comm.)  this  is  a  European  species  synonymous  with  Thelidium  microcar - 
pum  (Height.)  A.L.  Sm.  Known  only  from  a  single  location. 

TRAPELIOPSIS  Hertel  &  Gotth.  Schneider 

Trapeliopsis  flexuosa  (Fr.)  Coppins  &  P.  James 

Rare  on  weathered  wood  fencing  (#991,  #2052,  #2088).  Known  only  from  a  single  location. 

VERRUCARIA  Schrader 


Verrucaria  muralis  Ach. 

Rare  on  calcareous  gravel  in  a  shaded  woodland  (#2034)  at  The  Elkhart  Grove  Nature  Preserve. 
Known  only  from  a  single  location. 

XANTHOMENDOZA  S.  Kondr.  &  Karnefelt 

Reference:  Lindblom,  2006 

1.  Thallus  cushion-like,  often  forming  extensive  colonies;  thallus  thin,  delicate,  lobes  narrow 
0.2-0 .6  mm  wide;  rhizines  absent  or  sparse,  usually  not  visible  from  above;  powdery  soredia 
formed  at  lobe  tips . Xanthomendoza  fulva 

1.  Thallus  rosette-like,  ±  distinct;  rhizines  usually  abundant,  visible  from  above  or  not;  soredia 
formed  in  marginal  crescent-shaped  slits  between  the  upper  and  lower  cortex;  lobes  adnate 
to  loosely  adnate,  0. 8-2.0  mm  wide . Xanthomendoza  fallax 

Xanthomendoza  fallax  (Hepp  ex  Arnold)  Spchting,  Karnefelt  &  S.  Kondr. 

Occasional  on  painted  aluminum  fencing,  weathered  wood  fencing  and  on  the  lower  limbs  of  Acer 
saccharum  (#979,  #2042)  and  other  trees. 

Xanthomendoza  fulva  (Hoffm.)  Spchting,  Karnefelt  &  S.  Kondr. 

Occasional  on  painted  aluminum  fencing  (#2081),  weathered  headstones  (#984,  #1001)  weathered 
wood  fencing  and  on  the  lower  limbs  of  Crataegus  mollis  (#2108),  Juniperus  virginiana  (#983, 
#2082)  and  other  trees. 


XANTHOPARMELIA  (Vainio)  Hale 
Xanthoparmelia  conspersa  (Ehrh.  ex  Ach.)  Hale 

Rare  on  a  granite  monument  (#1030)  in  Elkhart  Cemetery.  Known  only  from  a  single  location. 
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Figure  1.  Map  of  Logan  County,  Illinois. 


County  map 
of  Illinois 


LOGAN  COUNTY,  ILLINOIS 


Appendix  1.  Substrates  and 


the  lichens  associated  with  them. 


Tree  Species/Substrate 

Amandinea 

_ dakotensis 

Acer  negundo 
Acer  platanoides 
Acer  saccharinum 
Acer  saccharum 
Betula  papyrifera 
Carya  ovala 
Catalpa  speciosa 
Celtis  occidentalis 
Crataegus  crus-galli 
Crataegus  mollis 
Fagus  species 
Fraxinus  americana 
Fraxinus  quadrangulata 
Fraxinus  pennsylvanica 
var.  subinteger rima 
Gingko  biloba 
Gleditsia  triacanthos 
Gymnocladus  dioica 
Juglans  nigra 
Juniperus  virginiana 
Larix  decidua 
Liquidambar  styraciflua 
Liriodendron  tulipifera 
Lonicera  species 
Madura  pomifera 
Morus  alba 
Picea  pungens 
Pinus  strobis 
Platanus  occidentalis 
Populus  alba 
Populus  deltoides 
Prunus  serotina 
Prunus  species 
Pseudotsuga  menziesii 
Ptelea  trifoliata 
Quercus  alba 
Quercus  imbricaria 
Quercus  macrocarpa 
Quercus  palustris 
Quercus  rubra  X 

Rhus  glabra 
Rhus  radicans 
Robinia  pseudoacacia 
Rubus  species 
Trichaptum  biforme 
Ulmus  americana 
Ulmus  rubra 
Bark 
Brick 
Paint 
Steel 

Fiberglass  boat  frame 

Cloth 

Granite 

Wood 

Limestone 

Concrete 

Dolomite,  pebbles, 
gravel 


Lichen  Species 

Amandinea  Anisomeridiurn  Arthona  Arthonia 
punctata  polypori_ caesia #2067 


X 


X 


X 


X  X 

X 


X  X 

X 

X 

X 


X 

X 


X 

X  X 

X 

X  X 

X  X 


X 


X 


X 


Bacidina 

egenula 


X 

X 


Biatora 

#2066 


X 
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Tree  Species/Substrate  Lichen  Species 

Buellia  Caloplaca  Caloplaca  Caloplaca  Caloplaca  Caloplaca  Caloplaca 
_ stillingiana  citrina  cf.feracissima  holocarpa  microphyllina  subsoluta  ulmorum 

Acer negundo 
Acer  platanoides 
Acer  saccharinum 
Acer  saccharum 
Betula  papyrifera 
Carya  ovata 
Catalpa  speciosa 
Celtis  occidentalis 
Crataegus  crus-galli 
Crataegus  mollis 
Fagus  species 
Fraxinus  americana 
Fraxinus  quadrangulata 
Fraxinus  pennsylvanica 
var.  subintegerrirna 
Gingko  biloba 
Gleditsia  triacanthos 

Gymnocladus  dioica  X 

Juglans  nigra 
Juniperus  virginiana 
Larix  decidua 

Liquidambar  styraciflua  X 

Liriodendron  tulipifera 

Lonicera  species 

Madura  pomifera 

Morus  alba 

Picea  pungens 

Pinus  strobis 

Platanus  occidentalis 

Populus  alba 

Populus  deltoides 

Prunus  serotina 

Prunus  species 

Pseudotsuga  menziesii 

Ptelea  trifoliata 

Quercus  alba 

Quercus  imbricaria 

Quercus  macrocarpa 

Quercus  palustris  X 

Quercus  rubra 

Rhus  glabra 

Rhus  radicans 

Robinia  pseudoacacia 

Rubus  species 

Trichaptum  biforme 

Ulmus  americana 

Ulmus  rubra 

Bark  X 

Brick 

Paint 

Steel 

Fiberglass  boat  frame 
Cloth 

Granite  X  X 

Wood 

Limestone  XX  X 

Concrete 

Dolomite,  pebbles, 
gravel 
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Tree  Species/Substrate 


Acer  negundo 
Acer  plaianoides 
Acer  saccharinum 
Acer  saccharum 
Betula  papyrifera 
Carya  ovata 
Catalpa  speciosa 
Celtis  occidentalis 
Crataegus  crus-galli 
Crataegus  mollis 
Fagus  species 
Fraxinus  americana 
Fraxinus  quadrangulata 
Fraxinus  pennsylvanica 
var.  subintegerrima 


Lichen  Species 

Caloplaca  Candelaria  Candelariella  Candelariella  Candelariella  Cladonia  Cladonia 

#2117_ concolor  aurella_ rejlexa  xanthostigma  cristatella  mac,  var.  bac. 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 


Gingko  biloba 

X 

Gleditsia  triacanthos 

X 

Gymnocladus  dioica 

Juglans  nigra 

X 

X 

Juniperus  virginiana 

Larix  decidua 

X 

Liquidambar  styraciflua 

X 

X 

Liriodendron  tulipifera 

X 

Lonicera  species 

Madura  pomifera 

X 

Morus  alba 

X 

Picea  pungens 

X 

Pinus  strobis 

X 

Platanus  occidentalis 

X 

Populus  alba 

X 

Populus  deltoides 

X 

X 

Prunus  serotina 

Prunus  species 

X 

Pseudotsuga  menziesii 

X 

X 

Ptelea  trifoliata 

X 

Quercus  alba 

X 

X 

Quercus  imbricaria 

X 

Quercus  macrocarpa 

X 

Quercus  palustris 

Quercus  rubra 

X 

X 

X 

Rhus  glabra 

X 

Rhus  radicans 

X 

Robinia  pseudoacacia 

Rubus  species 

X 

Trichaptum  biforme 

Ulmus  americana 

X 

Ulmus  rubra 

X 

Bark 

Brick 

Paint 

X 

Steel 

Fiberglass  boat  frame 

X 

Cloth 

X 

Granite 

X 

Wood 

X 

X 

Limestone 

Concrete  X 

X 

X 

Dolomite,  pebbles, 

gravel 

X 
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Tree  Species/Substrate 


Acer  negundo 
Acer  platanoides 
Acer  saccharinum 
Acer  saccharum 
Betula  papyrifera 
Carya  ovata 
Catalpa  speciosa 
Celtis  occidentalis 
Crataegus  crus-galli 
Crataegus  mollis 
Fagus  species 
Fraxinus  americana 
Fraxinus  quadrangulata 
Fraxinus  pennsylvanica 
var.  subintegerrima 
Gingko  biloba 
Gleditsia  triacanthos 
Gymnocladus  dioica 
Juglans  nigra 
Juniperus  virginiana 
Larix  decidua 
Liquidambar  styraciflua 
Liriodendron  tulipifera 
Lonicera  species 
Madura  pomifera 
Morus  alba 
Picea  pungens 
Pinus  strobis 
Platanus  occidentalis 
Populus  alba 
Populus  deltoides 
Prunus  serotina 
Prunus  species 
Pseudotsuga  menziesii 
Ptelea  trifoliata 
Quercus  alba 
Quercus  imbricaria 
Quercus  macrocarpa 
Quercus  palustris 
Quercus  rubra 
Rhus  glabra 
Rhus  radicans 
Robinia  pseudoacacia 
Rubus  species 
Trichaptum  biforme 
Ulmus  americana 
Ulmus  rubra 
Bark 
Brick 
Paint 
Steel 

Fiberglass  boat  frame 

Cloth 

Granite 

Wood 

Limestone 

Concrete 

Dolomite,  pebbles, 
gravel 


Lichen  Species 

Cyphlelium  Endocarpon  Flavoparmelia  Flavopunctelia  Graphis 

tigillare  pallidulum  caperata  soredica_ scripta 


X 

X 

X 


X 


X 


X 

X 


XXX 


X 


X 

X 


Hyperphyscia 

adglutinata 


X 


X 


X 

X 


X 


Julella 

fallaciosa 


X 
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Tree  Species/Substrate 

Lecanora 

_ dispersa 

Acer  negundo 
Acer  platanoides 
Acer  saccharinum 
Acer  saccharum 
Betula  papyrifera 
Carya  ovata 
Catalpa  speciosa 
Celtis  occidentalis 
Crataegus  crus-galli 
Crataegus  mollis 
Fagus  species 
Fraxinus  americana 
Fraxinus  quadrangulata 
Fraxinus  pennsylvanica 
var.  subintegerrima 
Gingko  biloba 
Gleditsia  triacanthos 
Gymnocladus  dioica 
Juglans  nigra 
Juniperus  virginiana 
Larix  decidua 
Liquidambar  styraciflua 
Liriodendron  tulipifera 
Lonicera  species 
Madura  pornifera 
Morus  alba 
Picea  pungens 
Pinus  strobis 
Platanus  occidentalis 
Populus  alba 
Populus  deltoides 
Prunus  serotina 
Prunus  species 
Pseudotsuga  menziesii 
Ptelea  trifoliata 
Quercus  alba 
Quercus  imbricaria 
Quercus  macrocarpa 
Quercus  palustris 
Quercus  rubra 
Rhus  glabra 
Rhus  radicans 
Robinia  pseudoacacia 
Rubus  species 
Trichaptum  biforme 
Ulmus  americana 
Ulmus  rubra 
Bark 
Brick 
Paint 
Steel 

Fiberglass  boat  frame 

Cloth 

Granite 

Wood  X 

Limestone 

Concrete  X 

Dolomite,  pebbles, 

gravel 


Lecanora 

hagenii 


Lecanora 

strobilina 


Lichen  Species 

Lecanora  Lecanora 
symmicta  cf.  umbrina 


Lepraria  Myelochroa 
lobificans  aurulenta 


X 


X 


X  X 


X 


X 


X 


X 


X 

X  X 


X 

X 

X 


X 


X 


X 


X 


X 
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Tree  Species/Substrate 


Lichen  Species 

Opegrapha  Parmelia  Parmotrema  Parmotrema  Phaeocalicium  Phaeophyscia  Phaeophyscia 

varia_ sulcata  hypotropum  reticulatum  polyporaeum  ciliata_ hirsuta 


X  X 

X 


Acer negundo 
Acer  platanoides 
Acer  saccharinum 
Acer  saccharum 
Betula  papyrifera 
Carya  ovata 
Catalpa  speciosa 
Celtis  occidentalis  X 

Crataegus  crus-galli 
Crataegus  mollis 
Fagus  species 
Fraxinus  americana 
Fraxinus  quadrangulata 
Fraxinus  pennsylvanica 
var.  subintegerrima 
Gingko  biloba 
Gleditsia  triacanthos 
Gymnocladus  dioica 
Juglans  nigra 
Juniperus  virginiana 
Larix  decidua 
Liquidambar  styraciflua 
Liriodendron  tulipifera 
Lonicera  species 
Madura  pomifera 
Morus  alba 
Picea  pungens 
Pinus  strobis 
Platanus  occidentalis 
Populus  alba 
Populus  deltoides 
Prunus  serotina 
Prunus  species 
Pseudotsuga  menziesii 
Ptelea  trifoliata 
Quercus  alba 
Quercus  imbricaria 
Quercus  macrocarpa 
Quercus  palustris 
Quercus  rubra 
Rhus  glabra 
Rhus  radicans 
Robinia  pseudoacacia 
Rubus  species 
Trichaptum  biforme 
Ulmus  americana 
Ulmus  rubra 
Bark 
Brick 
Paint 
Steel 

Fiberglass  boat  frame 

Cloth 

Granite 

Wood 

Limestone 

Concrete 

Dolomite,  pebbles, 
gravel 


X 

X  X 

X  X 

X 


X 

X 


X  X 


X 


X 

XXX 


X 

X 


X 

X 


X  X 


X 


X 

X 

X  X 

X 
X 
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Tree  Species/Substrate 


Phaeophyscia  Phaeophyscia  Physcia 

pusilloides  rubropulchra  aipolia 


Lichen  Species 
Physcia 
americana 


Physcia 

millegrana 


Physcia 
stellar  is 


Physciella 

chloantha 


X 


Acer  negundo 
Acer  platanoides 

Acer  saccharinum  X 

Acer  saccharum  X 

Betula  papyrifera 

Carya  ovata  X 

Catalpa  speciosa 

Celtis  occidentalis 

Crataegus  crus-galli 

Crataegus  mollis  X 

Fagus  species 

Fraxinus  americana  X 

Fraxinus  quadrangulata 

Fraxinus  pennsylvanica  ^ 

var.  subintegerrima 
Gingko  biloba 
Gleditsia  triacanthos 
Gymnocladus  dioica 

Juglans  nigra  X 

Juniperus  virginiana 

Larix  decidua 

Liquidambar  styraciflua 

Liriodendron  tulipifera 

Lonicera  species 

Madura  pomifera  X 

Morus  alba 
Picea  pungens 
Pinus  strobis 

Platanus  occidentalis  X  X 

Populus  alba 

Populus  deltoides 

Prunus  serotina 

Prunus  species 

Pseudotsuga  menziesii 

Ptelea  trifoliata 

Quercus  alba 

Quercus  imbricaria  X 

Quercus  macrocarpa 

Quercus  palustris  X 

Quercus  rubra  X 

Rhus  glabra 

Rhus  radicans 

Robinia  pseudoacacia 

Rubus  species 

Trichaptum  biforme 

LJlmus  americana  X 

Ulmus  rubra 

Bark 

Brick 

Paint 

Steel 

Fiberglass  boat  frame 

Cloth 

Granite 

Wood 

Limestone 

Concrete 

Dolomite,  pebbles, 
gravel 


X  X 

X  XX 

X 

X 

X 

X  X 

X 

X  X 

X  X 

X 

X  XX 

X  X 

X  XX 

X  X 

X 

X  XX 

X 

X  XX 

X  XX 

X 

X  X 

X  X 

X  X 

X  X 

X  X 

X 

XXX 
X  X 

X 

X 

X  X 

X  X 

X  X 

X  X 

X  X 

X 
X 

X  X 

X  X 

X 

X  X 

X  X 

X  X 

X 
X 

X  X 

X  X 


XX  XX  XX  X  X  XXXXXX  XXXX  XX  XX 
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Tree  Species/Substrate 

Physconia 

_ leucoleiptes 

Acer  negundo 
Acer  platanoides 
Acer  saccharinurn 
Acer  saccharum 
Betula  papyrifera 
Carya  ovata 
Catalpa  speciosa 
Celtis  occidentalis 
Crataegus  crus-galli 
Crataegus  mollis 
Fagus  species 
Fraxinus  americana 
Fraxinus  quadrangulata 
Fraxinus  pennsylvanica 
var.  subintegerrima 
Gingko  biloba 
Gleditsia  triacanthos 
Gymnocladus  dioica 
Juglans  nigra  X 

Juniperus  virginiana 
Larix  decidua 
Liquidambar  styraciflua 
Liriodendron  tulipifera 
Lonicera  species 
Madura  pomifera 
Morus  alba 
Picea  pungens 
Pinus  strobis 
Platanus  occidentalis 
Populus  alba 
Populus  deltoides 
Prunus  serotina 
Prunus  species 
Pseudotsuga  menziesii 
Ptelea  trifoliata 
Quercus  alba 
Quercus  imbricaria 
Quercus  macrocarpa 
Quercus  palustris 
Quercus  rubra 
Rhus  glabra 
Rhus  radicans 
Robinia  pseudoacacia 
Rubus  species 
Trichaptum  biforme 
Ulmus  americana 
Ulmus  rubra 
Bark 
Brick 
Paint 
Steel 

Fiberglass  boat  frame 

Cloth 

Granite 

Wood 

Limestone  X 

Concrete  X 

Dolomite,  pebbles, 
gravel 


Lichen  Species 

Punctelia  Punctelia  Punctelia 

bolliana  rnissouriensis  rudecta 


X 

X 


X 


X 

X 

X 


X 


X 

X 


X  X 

X 

XXX 

X 

X 

X 


X  X 


Rinodina  Thelidium  Trapeliopsis 

oxydata_ zwackhii  flexuosa 


X 

X 


X 


Tree  Species/Substrate 


Lichen  Species 


Verrucaria  Xanthomendoza  Xanthomendoza  Xanthoparmelia 
mural  is_ fallax_ fulva_ conspersa 


Acer  negundo 
Acer  platanoides 
Acer  saccharinum 
Acer  saccharum 
Betula  papyrifera 
Carya  ovata 
Catalpa  speciosa 
Celtis  occidentalis 
Crataegus  crus-galli 
Crataegus  mollis 
Fagus  species 


X 

X 


X 


X 


X 


X 


Fraxinus  americana 
Fraxinus  quadrangulata 
Fraxinus  pennsylvanica 
var.  subintegerrima 
Gingko  biloba 

Gleditsia  triacanthos  X 

Gymnocladus  dioica 

Juglans  nigra  X 

Juniperus  virginiana  X 

Larix  decidua 

Liquidambar  styraciflua 

Liriodendron  tulipifera 

Lonicera  species 

Madura  pomifera 

Morus  alba 

Picea  pungens 

Pinus  strobis 

Platanus  occidentalis 

Populus  alba 

Populus  deltoides  X 

Prunus  serotina  X  X 

Prunus  species 

Pseudotsuga  menziesii 

Ptelea  trifoliata 

Quercus  alba  X 

Quercus  imbricaria 

Quercus  macrocarpa  X 

Quercus  palustris 

Quercus  rubra  X 

Rhus  glabra 

Rhus  radicans 

Robinia  pseudoacacia 

Rubus  species 

Trichaptum  biforme 

Ulmus  americana 

LJlmus  rubra 

Bark 

Brick 


Paint 

Steel 

Fiberglass  boat  frame 


X 


X 


Cloth 

Granite 

Wood 

Limestone 

Concrete 

Dolomite,  pebbles, 
gravel 


X 


X 

X 


X 
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Table  1.  List  of  study  locations,  nearest  city,  number  of  timed  surveys  conducted  and 
approximate  size. 


Study  location 

Nearest  city 

Number  of  surveys 

Size 

Atlanta  Municipal  parks 

Atlanta 

2 

<  4.047  ha 

Bell-Rose  Nature  Preserve 

Atlanta 

1 

28.734  ha 

Broadwell  along  roadside 

Broadwell 

1 

<  4.047  ha 

Chestnut-Beason  Park  District 

Chestnut-Beason 

1 

<  10.118  ha 

Edward  R.  Madigan  State  Park 

Lincoln 

4 

394.178  ha 

Elkhart  Cemetery 

Elkhart 

2 

<  10.118  ha 

Elkhart  Grove  Nature  Preserve 

Elkhart 

2 

55.039  ha 

Emden  along  roadside 

Emden 

1 

<  4.047  ha 

Gillett  Farm 

Elkhart 

1 

283.29  ha 

Holy  Cross  Cemetery 

Lincoln 

1 

<  10.118  ha 

Kickapoo  Creek  County  Park 

Lincoln 

3 

135.575  ha 

Latham  Park 

Lincoln 

1 

<  4.047  ha 

Lincoln  Cemetery 

Lincoln 

1 

<  20.235  ha 

Mount  Pulaski  Courthouse 

Mount  Pulaski 

1 

<  4.047  ha 

New  Union  Cemetery 

Lincoln 

1 

<  20.235  ha 

Old  Union  Cemetery 

Lincoln 

1 

<  20.235  ha 

Postville  Courthouse 

Lincoln 

1 

<  4.047  ha 
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ABSTRACT 

Lakeside  daisy  {Tetraneuris  herbacea  Greene,  Asteraceae)  was  re-introduced  into  dry 
gravel  prairie  at  three  locations  within  Manito  Prairie  Nature  Preserve,  Tazewell  County, 
Illinois  in  1988  with  additional  plantings  at  four  other  preserve  locations  in  1994  and 
1995.  Monitoring  documented  the  disappearance  of  all  but  one  population  within  five 
years  following  reintroduction.  This  population  has  persisted  for  nineteen  years,  but 
declined  to  one  flowering  and  63  non-flowering  individuals  in  2003.  Long-term  survival 
of  this  taxon  at  Manito  Prairie  Nature  Preserve  appears  unlikely. 


INTRODUCTION 

Lakeside  daisy  {Tetraneuris  herbacea  Greene)  is  an  herbaceous,  thick-rooted,  spring¬ 
blooming,  polycarpic  perennial  herb  in  the  family  Asteraceae  characterized  by  a  short, 
fibrous-rooted  caudex;  tufted,  oblanceolate,  puncate,  basal  leaves,  1-8  cm  long  and  2-10 
mm  wide,  and  a  solitary  head  terminating  a  scape  up  to  25  cm  in  length  (Wunderlin  1971 , 
Gleason  and  Cronquist  1991).  An  extremely  rare  species,  populations  of  Lakeside  daisy 
were  known  from  Illinois  and  about  Lake  Erie  in  Ohio  and  southern  Ontario,  Canada 
(Cusick  1991,  DeMauro  1993).  Naturally  occurring  populations  are  currently  restricted  to 
Ontario,  Canada,  and  Ottawa  County,  Ohio  (Cusick  1991 ,  Gleason  and  Cronquist  1991). 

Lakeside  daisy  was  initially  discovered  in  Will  County  in  northeastern  Illinois  on  a  gla¬ 
cial  deposit  known  as  Joliet  Mound.  The  habitat  at  Joliet  Mound,  as  well  as  other  locali¬ 
ties  within  Illinois,  was  well-drained  gravel  prairie,  dry  limestone  prairie,  or  dolomite 
prairie.  In  the  early  1900s,  Pepoon  (1927)  discovered  numerous  colonies  along  a  five- 
mile  stretch  of  the  Des  Plaines  River  in  Will  County.  These  colonies  have  since  been 
destroyed  by  development  within  the  river  corridor.  The  last  surviving  native  population 
in  Illinois,  located  near  Joliet,  was  destroyed  in  1981  by  mining  operations.  Lakeside 
daisy  also  occurred  at  Manito  Prairie  in  Tazewell  County,  but  the  last  plants  disappeared 
from  this  locality  in  the  early  1960s  (Wunderlein  1971).  The  loss  of  the  Will  County 
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population  caused  the  Illinois  Endangered  Species  Protection  Board  to  regard  this  taxon 
as  extirpated  from  the  state  (Herkert  and  Ebinger  2002). 

The  one-nerved,  spathulate  leaves  form  rosettes  in  which  flower  buds  develop  in  autumn. 
These  buds  overwinter  within  rosettes,  emerge  in  early  spring,  and  flower  between  late 
April  and  early  June,  with  peak  flowering  during  the  first  half  of  May.  The  bright  yellow 
inflorescence  contains  fertile  disc  and  ray  florets  that  are  both  capable  of  producing 
viable  seeds.  Approximately  49  viable  seeds  are  produced  per  inflorescence  in  naturally 
occurring  populations  (DeMauro  1994). 

Sexual  reproduction  within  Lakeside  daisy  involves  a  strong  sporophytic,  self-incompati¬ 
bility  system.  This  self-incompatibility  prevents  self-fertilization  or  cross-fertilization 
between  plants  having  identical  self-incompatibility  genotypes.  Plants  having  identical 
genotypes,  known  as  mating  groups,  must  cross  with  plants  from  other  mating  groups  in 
order  to  produce  viable  seed  (DeMauro  1994). 

Vegetative  growth  by  rhizome  formation  or  branching  of  the  woody  stem  of  older  plants 
also  results  in  the  formation  of  new  rosettes.  Most  rosettes  die  after  about  a  year  of 
growth,  causing  the  separation  of  the  new  plants  into  individual  rosettes  as  the  old  plant 
material  decomposes.  This  vegetative  growth  pattern  results  in  independent  and  geneti¬ 
cally  identical  plants  (DeMauro  1994). 

Lakeside  daisy  was  considered  lost  from  Illinois  until  it  was  discovered  that  a  horticul¬ 
turist  living  in  Chicago  had  collected  and  propagated  plants  from  the  last  native  Illinois 
population.  Plants  were  obtained  from  this  individual  and  discussions  were  initiated 
among  management  personnel  in  the  1980s  regarding  the  potential  of  reintroducing 
Lakeside  daisy  into  suitable  sites  in  Illinois  with  the  objective  of  re-establishing  viable, 
wild-growing  populations.  Three  Illinois  Nature  Preserves,  two  in  Will  County  and  one  in 
Tazewell  County  were  selected  as  suitable  reintroduction  sites.  The  purpose  of  this  study 
was  to  describe  the  results  of  Lakeside  daisy  reintroduction  efforts  at  Manito  Prairie 
Nature  Preserve,  Tazewell  County,  Illinois. 

DESCRIPTION  OF  THE  STUDY  AREA 

Manito  Prairie  Nature  Preserve  (MPNP)  is  an  eight  ha  site  located  in  Tazewell  County, 
1 1  km  southwest  of  Pekin  (SI 5  and  S22  T24N  R6W).  The  site  is  on  a  terrace  above  the 
Illinois  River  at  the  northern  edge  of  the  Illinois  River  Sand  Areas  Section  of  the  Illinois 
and  Mississippi  River  Sand  Areas  Natural  Division  (Schwegman  et  al.  1973).  The  gravels 
and  sands  forming  this  terrace  were  deposited  during  the  post-glacial  period  of  Wisconsin 
glaciation  about  14,500  years  ago.  At  that  time  glacial  deposits  in  northeastern  Illinois 
were  breached,  causing  a  great  flood  known  as  the  Kankakee  Torrent.  These  floodwaters 
carried  huge  amounts  of  sand  and  gravel  which  were  deposited  along  the  broad  flood- 
plain  of  the  Illinois  River  below  Hennepin,  Illinois  (Hunter  1966,  Willman  and  Frye 
1970).  Subsequent  erosion  created  extensive  gravel  terraces  along  the  bluffs  of  the  river. 

Evaluated  by  the  Illinois  Natural  Areas  Inventory  in  1977,  MPNP  was  recognized  as  a 
site  of  statewide  significance  (White  1978).  Four  natural  communities  were  identified 
within  the  preserve,  including  gravel  hill  prairie,  sand  prairie,  dry  mesic  upland  forest, 
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and  successional  field.  Relatively  undisturbed  prairie  occurs  on  gravelly  slopes  and  occu¬ 
pies  approximately  3.2  ha  of  the  preserve  (White  1978,  McFall  1984).  The  predominant 
plants  of  these  gravelly  slopes  are  Schizachyrium  scoparium  (Michx.)  Nash,  Dicanthe- 
lium  oligosanthes  (Schult.)  Gould,  Dalea  purpurea  Vent.,  and  Echinacea  pallida  Nutt. 
(McClain  et  al.  2004).  These  open,  gravelly  slopes  are  considered  to  be  the  former  habitat 
of  Lakeside  daisy. 

Cattle  and  horses  grazed  MPNP  until  1961.  The  owners  also  burned  the  prairie  nearly 
every  spring  until  the  late  1970s.  To  ensure  the  preservation  of  gravel  prairie  communi¬ 
ties  and  several  rare  plant  species,  the  site  was  dedicated  as  an  Illinois  Nature  Preserve  in 
1985  (McFall  and  Karnes  1995).  Since  ownership  was  obtained  by  the  Illinois  Depart¬ 
ment  of  Natural  Resources,  four  prescribed  spring  burns  have  been  conducted  (1991, 
1997,  2000,  and  2001),  and  considerable  amounts  of  brush  have  been  removed  to 
enhance  the  prairie  community. 

The  landscape  within  the  general  vicinity  of  MPNP  has  changed  considerably  since  the 
1960s.  A  large  housing  development  lies  immediately  north  of  the  preserve,  and  other 
homes  have  been  built  on  privately  owned  lands  along  Illinois  Route  29  which  forms  the 
eastern  boundary  of  MPNP.  MPNP  is  now  the  only  site  known  to  retain  original  prairie 
vegetation  on  the  sand  and  gravel  bluffs  along  this  portion  of  the  Illinois  River. 

METHODS 

Plants  from  the  last  Illinois  population  were  crossed  with  plants  from  Ohio  to  produce 
fertile  hybrid  Lakeside  daisy  plants.  Single  rosette  plants  produced  from  seeds  from  these 
plants,  seeds  gathered  from  open  pollinated  FI  hybrid  plants  grown  outdoors  at  the  Uni¬ 
versity  of  Illinois  at  Chicago,  and  seed  collected  from  wild-growing  plants  in  Ohio  and 
Canada  were  the  stock  designated  for  transplantation  (DeMauro  1990,  1993,  and  1994). 
Reintroduction  efforts  began  on  gravel  hill  prairie  slopes  at  MPNP  considered  favorable 
for  the  growth  of  Lakeside  daisy  with  100  plants  each  at  Sites  A,  B,  and  C  on  September 
29,  1988.  Subsequent  reintroductions  included  50  seeds  at  Site  D  on  May  18,  1994  and 
40  seeds  at  Site  G  on  May  13,  1994.  On  April  4,1995  eight  plants  were  placed  at  Site  D, 
seven  at  Site  E,  seven  at  Site  F,  and  eight  at  Site  G. 

Beginning  in  1989,  all  sites  were  monitored  at  the  time  of  flowering  (first  two  weeks  of 
May),  and  all  flowering  and  non-flowering  individuals  were  counted.  However,  Sites  D 
through  F  were  not  counted  in  1995,  and  none  of  the  sites  were  monitored  in  1996.  For 
this  study,  a  well-defined  basal  rosette  was  considered  as  one  individual.  Monitoring  has 
taken  place  annually  from  1989  through  2003,  except  as  noted.  Nomenclature  follows 
Mohlenbrock  (2002). 


RESULTS 

The  initial  plantings  of  Lakeside  daisy  (September  1988)  occurred  at  the  end  of  a  severe 
drought.  However,  survival  rates  at  Sites  A,  B,  and  C  in  1989  were  80,  75,  and  80  % 
(Table  1).  All  populations  appeared  to  be  doing  well  until  1990  when  the  Site  B  popula¬ 
tion  declined  greatly  (Figure  1.).  Site  C  followed  the  same  pattern  in  1991  and  plant  loss 
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continued  at  both  sites  through  1992  and  1993.  No  plants  could  be  found  at  either  loca¬ 
tion  in  1994  (Table  1,  Figure  1). 

Seedlings  were  not  reported  at  MPNP  by  researchers  until  1991.  Apparently  no  other 
seedlings  were  observed  during  the  remainder  of  the  study.  This  contrasts  with  Lockport 
Prairie,  one  of  the  other  Illinois  reintroduction  sites,  where  seedlings  were  reported  the 
year  following  reintroduction  (DeMauro  1994). 

The  Site  A  population  survived  and  has  ranged  from  a  low  of  72  individuals  in  1994  to  a 
high  of  189  individuals  in  2002  (Table  1).  However,  this  population  declined  to  one 
flowering  and  63  non-flowering  individuals  in  2003,  making  it  the  lowest  number  of 
flowering  plants  in  the  15-year  history  of  the  reintroduetion  efforts  (Table  1,  Figure  1). 

Sites  D,  E,  F  and  G,  where  seeds  were  introduced  in  1994  and  plants  were  added  in  1995 
had  no  surviving  plants  by  1997.  These  losses,  combined  with  the  loss  of  the  Site  B  and 
C  populations  left  Site  A  as  the  only  surviving  population  of  Lakeside  daisy  at  MPNP. 

DISCUSSION 

The  causes  for  the  failure  of  the  reintroduction  efforts  at  MPNP  are  not  well  understood. 
Drought  could  have  affected  success  because  1988,  the  year  of  the  first  plantings,  was 
one  of  the  worst  drought  years  in  recent  history.  The  very  dry  conditions  could  have 
weakened  and  stressed  the  plants.  Though  survival  was  good  in  1989,  Site  B  and  Site  C 
populations  declined  in  1990  and  1991  (Table  1,  Figure  1). 

MPNP  was  also  considered  the  least  suitable  of  the  three  Illinois  reintroduction  sites 
based  on  the  dense  cover  of  native  vegetation  and  the  moderate  to  severe  woody 
encroachment  (DeMauro  1994).  Recent  studies  at  MPNP  suggest  that  the  habitat  is 
changing.  Since  the  1980s,  six  native  plant  species  have  been  extirpated  from  the  site, 
and  the  state  endangered  Besseya  bullii  (Eat.)  Rydb.  (kittentails)  has  been  reduced  to  two 
small  colonies  (  McEall  1984,  McClain  et  al.  2004). 

Recovery  plans  for  endangered  species  also  recommend  a  minimum  of  500  plants  per  site 
to  re-establish  rare  plant  populations  (Morris  et  al.  1999).  Lakeside  daisy  reintroduction 
efforts  at  MPNP  began  with  330  plants  and  90  seeds.  Two  hundred  plants  were  lost  in 
less  than  five  years  following  planting,  leaving  just  the  Site  A  population.  The  loss  of  the 
Site  B  and  C  populations  eliminated  the  potential  for  achieving  two  goals  of  the  reintro¬ 
duction  efforts:  (1)  minimizing  inbreeding,  and  (2)  periodie  gene  flow  between  popula¬ 
tions.  Tailing  to  achieve  these  goals  at  MPNP  would  negatively  impact  the  long-term 
survival  of  Lakeside  daisy  at  MPNP  (De  Mauro  1993,  Morris  et  al.  1999).  The  loss  of 
these  populations,  which  included  an  assortment  of  mating  types,  reduced  the  potential 
for  seed  production  and  the  establishment  of  new  plants. 

The  reintroduction  of  Lakeside  daisy  at  MPNP  demonstrates  the  difficulty  of  managing 
isolated  populations  of  rare  plants  in  an  increasingly  urban  environment.  Housing  devel¬ 
opments  north  of  the  preserve  plus  those  along  the  nearby  Illinois  Route  29  are  concerns 
when  prescribed  burns  are  conducted  due  to  potential  health  or  traffic  problems  due  to 
smoke.  Infrequent  prescribed  burns  make  it  difficult  to  control  woody  vegetation  that  has 
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been  a  major  management  problem  at  MPNP  for  the  last  twenty-five  years.  Thus,  it  may 
no  longer  be  possible  to  maintain  a  habitat  favorable  for  the  growth  of  Lakeside  daisy  at 
MPNP.  Based  upon  the  success  of  the  reintroduction  efforts  and  the  complex  manage¬ 
ment  problems,  it  is  doubtful  that  Lakeside  daisy  will  continue  to  survive  at  MPNP. 
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Table  1.  Number  of  flowering  and  non-flowering  individuals  of  Lakeside  daisy  {Tetraneuris  herbacea  Greene)  at  Sites  A-G,  Manito  Prairie 
Nature  Preserve,  Tazewell  County,  Illinois  (FL  =  flowering,  NFL  =  non-flowering,  and  NC  =  not  counted). 
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Figure  1 .  Lakeside  daisy  populations  at  Manito  Prairie  Nature  Preserve,  1988-2003,  Tazewell  County,  Illinois. 
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ABSTRACT 

West  Nile  virus  (WNV)  has  been  isolated  in  many  amphibian  feeding  species  of  mos¬ 
quitoes.  Based  on  this  evidence,  this  study  sought  to  evaluate  if  amphibians  and  reptiles, 
in  addition  to  birds  and  mammals,  play  a  role  in  the  transmission  of  West  Nile  virus 
(WNV).  Bullfrogs,  Leopard  frogs,  and  Green  frogs  were  collected  from  selected  sites 
across  the  state  of  Illinois.  Blood,  and  in  some  individuals  tissue,  was  collected  from  all 
individuals  (n=239)  and  tested  for  the  presence  of  WNV  antibodies  using  epitope-block¬ 
ing  enzyme-linked  immunosorbent  assay  (ELISA).  No  WNV  antibody  positive  frogs 
were  found  of  the  239  tested.  This  suggests  that  frogs  may  not  build  up  immunity  to  the 
virus.  However,  the  results  of  this  study  do  not  address  whether  frogs  die  or  become 
refractory  from  exposure  to  the  virus,  indicating  that  further  research  is  needed  to  address 
the  role  amphibians  play  in  the  WNV  transmission  cycle. 


INTRODUCTION 

Past  research  has  suggested  that  amphibians  and  reptiles  may  play  a  small  role  in  the 
West  Nile  Virus  (WNV)  cycle  (Kostyukov  et  al.  1986).  A  study  conducted  by  Klenk  et 
al.  (2004)  on  farm  raised  American  Alligators  {Alligator  mississippiensis)  showed  that 
after  being  injected  with  WNV,  alligators  exhibited  viremia  for  up  to  14  days  before 
building  antibodies.  This  study  also  suggests  that  predators  may  contract  WNV  by  con¬ 
suming  prey  that  has  been  infected  with  the  virus.  American  Alligators  that  consumed 
mice  inoculated  with  the  virus  developed  viremia  3-6  days  after  feeding.  The  alligators 
maintained  viremia  for  9-14  days  (Klenk  et  al.  2004).  Another  study  found  that  Lake 
Frogs  {Rana  ridibunda)  could  be  a  reservoir  host  for  the  virus  (Hubalek  and  Halouzka 
1999).  Both  of  these  studies  suggest  that  not  only  can  amphibians  and  reptiles  contract 
the  virus,  but  may  also  amplify  and  transmit  it  back  to  the  mosquitoes  that  feed  on  them. 
Because  frogs  and  mosquitoes  are  in  close  proximity  to  one  another,  it  would  be  expected 
that  they  interact,  thus  frogs  could  play  a  significant  role  in  the  amplification  and  trans¬ 
mission  of  WNV.  This  study  investigated  wild  populations  of  ranid  frogs  across  the  state 
of  Illinois  to  determine  their  susceptibility  of  contracting  WNV. 
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METHODOLOGY 


Selection  of  Sites 

Frogs  were  sampled  in  three  regions  (north,  central,  and  south)  throughout  the  state  of 
Illinois  (Fig.  1).  Sites  were  selected  to  coincide  with  ongoing  studies  (Illinois  Natural 
History  Survey  and  the  Medical  Entomology  Department  of  the  University  of  Illinois 
Urbana-Champaign)  of  WNV  in  mosquitoes  and  birds.  In  the  northern  region,  collection 
was  done  in  the  Cook  County  Forest  Preserve  District  of  Chicago.  The  Cook  County  area 
has  been  well  known  for  its  WNV-positive  mosquito  pools  based  on  mosquito  sampling 
performed  by  the  various  mosquito  abatement  districts  in  the  area.  Frogs  were  also  sam¬ 
pled  from  the  I&M  Canal  in  Will  County.  Ongoing  bird  sampling  has  demonstrated  high 
rates  of  WNV  seroprevalence  throughout  much  of  the  Chicago  area  (Beveroth  et  al. 
2006.)  Sampling  sites  in  the  central  region  were  in  Champaign  (The  Japanese  Gardens 
and  Aquatic  Fisheries  Ponds  on  the  University  of  Illinois  Urbana-Champaign  campus), 
Piatt  (Robert  Allerton  Park  and  Conference  Center),  and  Effingham  (Ballard  Nature 
Center)  counties.  WNV  positive  mosquito  pools  and  seropositive  birds  have  been  found 
in  Champaign  and  Piatt  counties  (Beveroth  et  al.  2006.)  Effingham  County  is  not  part  of 
the  ongoing  bird  sampling.  In  the  southern  region  Horseshoe  Lake,  in  Alexander  County, 
was  sampled  in  coordination  with  the  ongoing  bird  study.  Erogs  were  collected  along  the 
spillway  located  at  the  southwestern  end  of  the  lake. 


Frog  Collecting 

Species  of  ranid  frogs  including  Bullfrogs, 
Leopard  frogs,  and  Green  frogs  were  selected 
for  this  study  due  to  their  abundant 
populations  and  larger  body  size.  Species  of 
smaller  frogs,  such  as  Cricket  frogs  and  Spring 
Peepers,  were  not  included  in  this  study 
because  of  their  small  size.  At  least  2  ml  of 
blood  was  needed  from  each  individual  to  test 
for  WNV  antibodies.  Blood  sampling 
techniques  made  collecting  enough  blood  from 
smaller  sized  frogs  difficult.  Two  species  of 
Bufo  adults  were  also  sampled 
opportunistically. 

Frog  collecting  began  in  the  spring/summer  of 
2005  and  continued  into  the  summer  of  2006. 
Collecting  began  in  late  March/early  April  and 
continued  through  early  September.  Frogs 
were  captured  with  a  dip-net,  or  by  hand. 
Frogs  were  placed  in  plastic  zip-lock  bags  with 
a  small  amount  of  water  until  returning  to  the 
lab  (no  more  than  24  hours  and  as  little  as  2-3 
hours  in  most  cases).  Upon  returning  to  the  lab 
frogs  were  placed  together  by  species  into 
holding  tanks  that  were  set  up  with  appropriate 
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temperature  and  humidity  until  they  could  be  processed.  Often  frogs  were  processed  the 
day  following  capture. 

Blood  Serum  Collection 

Blood  was  collected  from  each  frog  under  Animal  Care  and  Use  Protocol  #  03183 
approved  by  the  University  of  Illinois  Institutional  Animal  Care  and  Use  Committee. 
Frogs  were  placed  in  a  general  anesthetic  mixture  of  MS-222  and  distilled  water  until  the 
individual  was  unresponsive  to  moderate  handling.  This  took  5-10  minutes  for  smaller 
individuals  and  up  to  30  minutes  for  larger  individuals. 

Two  different  methods  were  used  to  collect  blood.  The  preferred  method  was  a  cardiac 
puncture  with  an  insulin  syringe  or  an  equivalent  small  gauge  needle.  The  second  method 
of  blood  extraction  was  through  the  anterior  abdominal  vein.  In  individuals  where  this 
method  was  used,  the  purpose  was  to  withdraw  blood  with  intent  of  releasing  the  individ¬ 
ual  once  awake  and  fully  mobile.  This  method  was  best  performed  on  larger  individuals, 
such  as  adult  Bullfrogs,  because  the  vein  is  easily  seen  through  the  skin  on  the  ventral 
side. 

Serum  Testing 

Blood  serum  analysis  for  WNV  antibodies  was  completed  using  Epitope  Blocking 
ELISA  (Enzyme-Linked  Immunosorbent  Assay;  Blitvich  et  al.  2003).  Three  flavivirus 
monoclonal  antibodies  (MAbs)  for  the  detection  of  WNV  antibodies  were  used.  Two  of 
the  MAbs  (2B2  and  6B6C-1)  react  with  multiple  flaviviruses  including  WNV.  The  third 
MAb  (3.11 12G)  reacts  more  specifically  to  WNV.  See  Blitvich  et  al.  (2003)  for  details  on 
the  MAbs  used  in  this  study. 

Samples  were  considered  positive  if  all  three  MAbs  had  a  >30%  inhibition.  Positives 
were  based  on  optical  density  output  readings  by  a  Multiskan  mcc/340  from  Thermal 
Laboratory  Systems.  The  data  output  was  then  imported  into  an  Excel  spreadsheet  and 
percent  inhibition  of  WNV  antibodies  was  calculated  based  on  a  standard  optical  density. 
See  Blitvich  et  al.  (  2003)  for  details  on  ELISA  methodology. 

RESULTS 

A  total  of  239  anuran  blood  samples  were  taken  over  the  course  of  two  summers.  Of  the 
239  samples,  there  were  two  recaptures  totaling  237  individual  frogs  and  toads  tested 
across  the  state  of  Illinois.  In  the  northern  region  a  total  of  33  frogs  were  collected  from 
four  sites  in  Cook  County  and  two  sites  in  Will  County.  In  the  southern  region  a  total  of 
67  frogs  were  collected  from  one  site.  In  the  central  region  a  total  of  139  frogs  were  col¬ 
lected  from  six  sites  in  four  counties  (Champaign,  Piatt,  Scott,  and  Vermillion.)  Scott 
County  consisted  of  one  random  sample  brought  into  the  lab  and  was  not  part  of  the  pro¬ 
ject’s  sampling  schedule.  Table  1  summarizes  the  number  of  captures  per  site. 

As  shown  in  Table  2,  no  individuals  tested  positive  for  WNV  antibodies.  For  a  sample  to 
be  considered  positive  for  WNV  antibody,  all  three  MAbs  needed  to  yield  >30% 
inhibition.  Some  samples  were  positive  for  2B2  indicating  they  could  possibly  have  been 
infected  with  another  flavivirus. 
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Table  1.  Summary  of  frog  sample  totals  from  2005  through  2006. 


Region 

County 

Site 

Species 

N 

North 

Cook 

Axehead  Lake 

R.  catesbeiana 

2 

Beck  Lake 

R.  catesbeiana 

5 

Big  Bend  Lake 

R.  catesbeiana 

9 

Tuma  Lake 

R.  clamitans 

2 

Will 

I&M  Canal 

R.  catesbeiana 

10 

Quarry  Pond 

R.  clamitans 

5 

Central 

Champaign 

Cottonwoods 

B.  americanus 

3 

R.  catesbeiana 

20 

Japanese  Gardens 

B.  americanus 

1 

R.  catesbeiana 

36 

Effingham 

Ballard  Nature  Center 

R.  catesbeiana 

9 

Piatt 

Allerton  Park 

B.  fowler  i 

5 

R.  catesbeiana 

56 

Scott 

Random* 

R.  clamitans 

1 

Vermillion 

Larimores  Cabin 

R.  catesbeiana 

8 

South 

Alexander 

Horseshoe  Lake 

B.fowleri 

7 

R.  blairi 

1 

R.  catesbeiana 

7 

R.  spenocephala 

52 

Total 

239 

*  Sample  was  taken  from  a  frog  that  was  caught  at  a  site  that  was  not  part  of  the  regular  sampling  site. 


Table  2.  Sample  portion  of  Blocking  ELISA  antibody  test  results.  To  be  considered  posi¬ 
tive,  the  sample’s  optical  density  (OD)  reading  must  be  less  than  0.300  (>30% 
inhibiton). 


Sample  Information  Monoclonal  Antibody  OD 


Sample#  Species 

Date 

Collected 

County 

Site 

Serial 

Vial# 

ELISA#  3.1112G 

2B2 

6B6C-1 

83 

R.  blairi 

3/31/2006 

Scott 

Random 

rd-1 

06-0495 

0.399 

0.343 

0.643 

84 

B.  americanus 

4/13/2006 

Champaign 

Cottonwoods 

cwp-1 1 

06-0496 

0.389 

0.243 

0.728 

85 

B.  americanus 

4/13/2006 

Champaign 

Cottonwoods 

cwp-12 

06-0497 

0.530 

0.304 

0.755 

86 

B.  americanus 

4/13/2006 

Champaign 

Cottonwoods 

cwp-1 3 

06-0498 

0.491 

0.312 

0.796 

87 

R.  catesbeiana 

4/13/2006 

Champaign 

Cottonwoods 

cwp-1 4 

06-0499 

0.457 

0.298 

0.371 

88 

R.  catesbeiana 

4/13/2006 

Champaign 

Cottonwoods 

cwp-1 5 

06-0500 

0.489 

0.310 

0.709 

89 

R.  catesbeiana 

4/21/2006 

Champaign 

Cottonwoods 

cwp-1 6 

06-0501 

0.490 

0.339 

0.744 

90 

R.  catesbeiana 

4/21/2006 

Champaign 

Cottonwoods 

cwp-1 7 

06-0502 

0.450 

0.345 

0.672 

91 

R.  catesbeiana 

4/21/2006 

Champaign 

Cottonwoods 

cwp-1 8 

06-0503 

0.401 

0.370 

0.676 

92 

R.  catesbeiana 

4/21/2006 

Champaign 

Cottonwoods 

cwp-1 9 

06-0504 

0.362 

0.350 

0.655 

93 

R.  catesbeiana 

4/21/2006 

Champaign 

Cottonwoods 

cwp-21 

06-0505 

0.577 

0.364 

0.928 

94 

R.  catesbeiana 

4/21/2006 

Champaign 

Cottonwoods 

jh-17 

06-506 

0.530 

0.326 

0.845 

95 

R.  catesbeiana 

5/3/2006 

Champaign 

Japan  House 

jh-18 

06-0519 

0.380 

0.332 

0.765 

96 

R.  catesbeiana 

5/3/2006 

Champaign 

Japan  House 

jh-19 

06-0520 

0.397 

0.312 

0.697 

97 

R.  catesbeiana 

5/3/2006 

Champaign 

Japan  House 

jh-20 

06-0521 

0.414 

0.330 

0.710 

98 

R.  catesbeiana 

5/3/2006 

Champaign 

Japan  House 

cwp-22 

06-0522 

0.394 

0.363 

0.752 

99 

R.  catesbeiana 

5/3/2006 

Champaign 

Cottonwoods 

cwp-23 

06-0507 

0.501 

0.356 

0.914 

100 

R.  catesbeiana 

5/3/2006 

Champaign 

Cottonwoods 

cwp-14 

06-0508 

0.518 

0.321 

0.415 
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DISCUSSION 

The  lack  of  positive  tests  for  WNV  in  frog  serum  and  tissue  is  a  precursor  for  further 
investigation.  The  USGS  National  Wildlife  Health  Center  has  been  testing  amphibians 
for  WNV  and  has  yet  to  find  any  viral  isolation  for  WNV  in  frogs  (Green  2006  unpub¬ 
lished  data.)  However,  some  amphibian  feeding  mosquitoes  have  been  isolated  with  the 
virus  (South  Dakota  Mosquitoes,  CDC  2005.)  One  example  is  Culex  territans.  This  mos¬ 
quito  is  primarily  an  amphibian  feeder  and  has  been  isolated  with  WNV.  Why  anurans 
have  not  been  isolated  with  the  virus  is  not  yet  known.  One  theory  suggests  that  replica¬ 
tion  of  WNV  in  reptiles  and  amphibians  is  poor  (Klenk  and  Komar  2003 .)  The  authors  of 
this  paper  experimentally  injected  green  iguanas,  American  bullfrogs,  red-ear  sliders,  and 
Florida  garter  snakes  subcutaneously  with  the  virus.  They  tested  individuals  every  three 
days  for  viremia.  The  maximum  viremia  detected  was  10^^  pfu/mL  of  serum,  approxi¬ 
mately  60-fold  lower  than  necessary  for  transmission  back  to  the  vector  host  Culex  pipi- 
ens.  The  authors  stated  that  relatively  low  titers  may  be  infectious  for  other  species  and 
that  threshold  viremias  are  not  known  for  mosquitoes  that  feed  on  reptiles  and  amphibi¬ 
ans.  They  also  suggested  that  slow  humoral  response  times  in  cold-blooded  vertebrates 
may  explain  the  low  seroconversion  rates.  This  study  illustrates  that  the  virus  can  be  rep¬ 
licated  at  low  levels  in  amphibians  and  reptiles. 

Because  frogs  and  other  amphibians  and  reptiles  exhibit  a  relatively  low  titer  response  to 
WNV,  alternative  methods  of  antibody  detection  may  be  useful  in  our  investigation  of  the 
role,  if  any,  that  amphibians  play  in  the  WNV  transmission  cycle.  One  suggested  method 
is  the  Plaque  Reduction  Neutralization  Test  (PRNT.)  This  method  is  sometimes  used  to 
confirm  ELISA  positive  samples  for  various  flaviviruses,  including  WNV  (Prince  and 
Hogrefe  2003).  PRNT  may  be  the  solution  to  investigating  the  presence  or  absence  of 
WNV  in  those  species  that  exhibit  relatively  low  titers,  such  as  frogs. 

A  second  theory  suggests  that  frogs  are  not  as  prone  to  mosquito  feedings  as  previously 
thought.  Recent  research  on  Australian  frog  species  has  demonstrated  that  chemicals 
secreted  by  frog  skin  may  act  as  a  natural  mosquito  repellent  (Williams  et  al.  2006.)  The 
study  covered  the  tails  of  mice  with  a  frog-skin  formula  and  exposed  them  to  mosquitoes. 
Mice  receiving  the  control  treatment  were  probed  and  bitten  earlier  and  more  often  than 
the  mice  receiving  the  frog  formula.  This  illustrates  the  possibility  that  frogs,  though  still 
susceptible  to  mosquito  feedings,  would  be  less  likely  to  be  fed  upon  by  a  WNV  carrying 
mosquito  due  to  the  natural  repellent  in  their  chemical  secretions.  Future  research  inves¬ 
tigating  natural  chemical  repellents  in  frog  species  of  North  America  would  provide  valu¬ 
able  information  to  more  accurately  understand  if  frogs  play  a  role  in  WNV  transmission. 

There  are  three  possible  explanations  for  the  negative  findings  of  our  study.  First,  frogs 
are  not  susceptible  to  the  virus  based  on  limited  exposure  to  mosquitoes  that  carry  WNV. 
Second,  frogs  may  be  contracting  the  virus  but  cannot  mount  a  sufficient  immune 
response  and  die,  removing  them  from  the  potential  sample.  Lastly,  WNV  carrying  mos¬ 
quitoes  may  feed  on  frogs  but  the  virus  has  no  effect  because  of  poor  replication.  The 
later  scenario  is  based  on  the  findings  of  Klenk  and  Komar  2003.  Some  tissue  sampling 
to  test  for  viremia  was  also  done  in  this  study  as  a  step  toward  isolating  live  virus  in  indi- 
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vidual  frogs.  However,  the  window  of  opportunity  for  catching  an  individual  in  a  viremic 
state  is  not  very  long,  1-4  days  in  birds  (CDC  2003)  and  up  to  14  days,  perhaps  longer,  in 
Alligator  mississipiensis  (Klenk  et  al.  2004).  These  short  viremic  periods  increase  the 
difficulty  of  isolating  the  virus  from  tissue  samples  and  there  were  no  positive  tissues 
found  in  this  study.  Periodic  blood  sampling  from  mark  and  re-capture  may  be  a  better 
way  of  monitoring  WNV  activity  in  wild  populations  of  frogs.  In  this  situation,  testing 
the  blood  for  antibody  response  over  time  may  hold  more  information  concerning  how 
the  virus  affects  wild  frog  populations  than  euthanizing  them  and  testing  their  tissues  for 
viremia. 

Some  WNV  bird  studies  theorize  that  vertical  stratification  may  play  an  important  role  in 
the  location  of  feeding  mosquitoes  that  carry  the  virus  and  thus  in  the  virus’s  transmission 
cycle  (Anderson  et  al.  2004).  In  an  assessment  of  the  prevalence  of  WNV  in  the  canopy, 
these  authors  found  that  capture  rates  of  the  primary  mosquito  vector,  Culex  pipiens,  of 
WNV  was  greater  higher  in  the  canopy  than  in  traps  placed  closer  to  the  ground.  In  addi¬ 
tion,  the  authors  found  a  greater  number  of  WNV  isolations  higher  in  the  canopy.  They 
attribute  the  higher  number  of  virus  isolations  to  the  greater  number  of  mosquitoes  found 
at  the  higher  strata.  This  follows  with  the  hypothesis  that  most  birds  roost  in  trees  and 
while  roosting  they  are  most  susceptible  to  being  fed  upon  by  mosquitoes.  The  theory 
that  birds  are  contracting  WNV  at  higher  strata  such  as  in  the  canopy  of  trees  or  bushes 
could  explain  why  the  ground  dwelling  frogs  in  this  study  do  not  appear  to  be  exposed  to 
WNV.  One  approach  to  answer  this  would  be  to  sample  arboreal  frogs.  Tree  frogs,  such 
as  the  Eastern  Gray  Treefrog  {Hyla  versicolor)  and  the  Green  Treefrog  {Hyla  cinerea), 
are  generally  found  off  the  ground  in  small  shrubs  or  trees  where  viremic  feeding  mos¬ 
quitoes  may  occur.  The  Eastern  Gray  Treefrog  can  be  found  statewide  in  Illinois  and  the 
Green  Treefrog  can  be  found  in  the  southern  tip  of  the  state.  Tree  frog  blood  and  tissue 
could  be  tested  using  the  same  methods  applied  here  to  investigate  their  susceptibility,  if 
any,  to  WNV.  This  could  potentially  be  an  important  follow-up  study  to  the  results  pre¬ 
sented  here. 

This  study  may  be  a  starting  point  to  future  research  on  WNV  and  its  effects  on  amphib¬ 
ian  and  reptile  populations.  There  is  still  much  information  we  do  not  understand  on  the 
interactions,  if  any,  between  amphibians  and  reptiles  and  WNV.  The  findings  of  this 
research  are  meant  to  encourage  others  to  build  upon  what  we  already  know  and  to  take 
the  next  step  toward  finding  the  relationship  between  these  animals  and  the  virus.  The 
Cook  County  Forest  Preserve  has  already  taken  the  initiative  to  collect  a  wide  variety  of 
fauna  for  blood  testing.  Their  collections  included  a  wide  number  of  turtle  bloods  that 
were  examined  using  the  same  methods  applied  to  the  frog  blood  for  WNV  testing.  As  of 
now,  there  have  been  no  positives  identified  for  antibodies  but  none  of  these  individuals 
have  been  tested  for  viremia.  Shared  habitat  between  amphibians,  reptiles,  and  WNV 
vector  mosquitoes  suggests  that  these  animals  would  have  some  susceptibility  to  con¬ 
tracting  the  virus.  Further  research  with  revised  methods  should  help  researchers  under¬ 
stand  what  part  amphibians  and  reptiles  play  in  the  transmission  cycle  of  WNV. 
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ABSTRACT 

Wetland  restoration  efforts  along  the  Illinois  River  face  challenging  questions  regarding 
river  connectivity  and  water  management.  To  improve  understanding  of  the  functional 
relationship  among  river  connectivity,  wetland  hydrology,  and  use  by  migratory  shore- 
birds,  we  surveyed  a  wetland  complex  along  the  Illinois  River  during  the  spring  and 
summer/fall  migrations  of  2003  and  spring  migration  of  2004.  Twenty-four  species  of 
shorebirds  and  over  150,000  shorebird  use-days  were  recorded.  Migration  chronologies 
varied  significantly  among  sites,  with  time  lags  ranging  from  0  to  52  days  during  a  single 
spring  or  summer/fall  migration.  Wetland  impoundments  with  greater  connectivity  to  the 
Illinois  River  were  vulnerable  to  flood  events,  resulting  in  sporadic  use  by  shorebirds. 
Management  at  impoundments  with  more  protection  from  flood  events  provided  more 
consistent  shorebird  habitat.  The  Illinois  River  is  designated  as  a  stopover  region  of  inter¬ 
national  importance  for  shorebird  conservation  due  to  its  extensive  use  by  shorebirds 
during  the  summer/fall  migration.  However,  the  density  of  shorebird  use  during  the 
spring  migration  was  also  high  in  the  second  year  of  our  study,  demonstrating  that  shore- 
bird  counts  at  single  stopover  locations  or  for  a  single  year  can  lead  to  incorrect  conclu¬ 
sions  about  migration  chronology  and  provide  misleading  directions  for  management.  To 
improve  stopover  habitat  for  migrating  shorebirds,  we  recommend  a  balance  among 
strategies  for  managing  hydrology  and  cooperation  among  landowners  to  provide  diverse 
habitat  with  available  alternative  sites  in  case  traditional  habitat  is  lost  during  floods  or 
droughts. 


INTRODUCTION 

The  Western  Hemisphere  Shorebird  Reserve  Network  (WHSRN)  was  founded  in  1986  to 
protect  migratory  shorebirds  through  conservation  of  key  habitats  (Harrington  and  Perry, 
1995).  WHSRN  and  partner  organizations  have  protected  over  8  million  ha  of  critical 
shorebird  habitat  across  the  Americas  (Harrington  et  al.,  2002).  However,  the  criteria 
used  for  designation  of  critical  habitat  by  WHSRN  give  priority  to  single  sites  that 
receive  heavy  migratory  and  wintering  use  (Haig  et  al.,  1998).  Shorebirds  migrating 
through  the  interior  U.S.  may  use  a  complex  of  permanent,  semi-permanent,  and  ephem¬ 
eral  wetlands  within  a  relatively  small  geographic  area  (Skagen  and  Knopf,  1994). 
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Shorebird  use  of  any  single  wetland  within  this  complex  may  vary  greatly  among  years 
and  thus  be  insufficient  for  WHSRN  designation.  If  a  wetland  complex  regularly  receives 
high  shorebird  use,  a  more  comprehensive  and  inclusive  designation  policy  may  be  war¬ 
ranted  to  identify  wetland  complexes  of  significant  conservation  value  (Farmer  and  Par¬ 
ent,  1997). 

Shorebirds  migrating  through  in  the  Illinois  River  valley  exploit  a  highly  degraded  water¬ 
shed.  Levees  constructed  in  the  1900's  have  greatly  reduced  seasonal  flooding  and  most 
historic  wet-prairie  habitat  in  the  Illinois  River  watershed  has  been  converted  to  agricul¬ 
ture  (Havera  and  Bellrose,  1985).  In  recent  years,  land  acquisition  and  wetland  restora¬ 
tion  along  large  river  systems  aim  to  reverse  the  anthropogenic  degradation  of  pre-distur¬ 
bance  environments.  However,  wetland  restoration  and  management  on  rivers  with  large 
watersheds  is  challenging.  Successful  wetland  management  needs  to  be  addressed  at  a 
large  spatial  scale,  and  data  are  needed  on  how  wetland  connectivity  to  a  river  and  water 
level  management  practices  affect  the  quality  of  these  sites  as  stopover  areas  for  migrat¬ 
ing  shorebirds.  Accordingly,  we  conducted  an  observational  study  at  a  wetland  complex 
in  the  Illinois  River  valley  to  assess  shorebird  habitat  use  in  relation  to  wetland  connec¬ 
tivity  and  management  strategies.  We  tested  the  hypothesis  that  shorebirds  will  use  the 
various  wetlands  within  a  complex  concurrently.  We  predicted  that  deviations  from  con¬ 
current  migration  chronologies  will  reflect  variation  among  sites  in  hydrology,  driven  by 
river  connectivity  and  management  decisions. 

METHODS  AND  MATERIALS 

We  sampled  four  study  areas  that  were  part  of  a  large  wetland  complex  along  the  Illinois 
River  in  west-central  Illinois  (Fig.  I).  The  floodplain  wetlands  included  backwater  lakes, 
sloughs,  and  marshes  that  were  federally  or  state-managed.  Two  field  sites,  Chautauqua 
National  Wildlife  Refuge  (NWR)  (40°38’N,  89°99’W)  and  Emiquon  NWR  (40°32’N, 
90°09’W),  were  managed  by  the  U.S.  Fish  and  Wildlife  Service  (USFWS).  Chautauqua 
NWR,  located  8  km  NNE  of  Havana,  Illinois,  was  established  in  1936  and  contains  1 ,816 
ha  of  large  backwater  lakes  and  bottomland  and  upland  forest.  Chautauqua  has  been  des¬ 
ignated  as  a  stopover  of  international  importance  by  the  WHSRN  (Harrington  and  Perry, 
1995).  The  refuge  contained  two  large  impoundments  protected  from  most  river  flood 
events  by  levees  and  contained  more  water  control  structures  than  the  other  study  sites. 
Emiquon  NWR  was  a  856-ha  refuge  comprised  of  backwater  lakes,  sloughs,  forested 
wetlands,  and  a  variety  of  other  terrestrial  habitats,  and  was  divided  into  two  main  units: 
the  South  Globe  and  the  Wilder  Tract.  Due  to  the  recent  acquisition  of  Emiquon  NWR  by 
the  USFWS  in  1993,  much  of  the  refuge  was  newly  established  wetland. 

Two  additional  field  sites  were  Rice  Lake  State  Fish  and  Wildlife  Area  (SFWA) 
(40°48’N,  89°90’W)  and  Banner  Marsh  SFWA  (40°53’N,  89°85’W),  managed  by  the 
Illinois  Department  of  Natural  Resources.  The  initial  959-ha  purchase  of  Rice  Lake 
SFWA  in  1945  included  a  large  bottomland  lake  about  8  km  up  river  from  Chautauqua. 
More  recent  land  acquisitions  increased  the  total  land  area  to  2,290  ha.  Banner  Marsh 
SFWA  was  a  1,766-ha  site  that  was  acquired  during  the  1980s.  The  land  was  mined  for 
coal  between  1956  and  1973,  creating  many  lakes  and  marshes  of  various  sizes  and 
depth. 
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Each  site  was  ranked  according  to  increasing  river  connectivity  (i.e.,  vulnerability  to 
flood  events)  as  follows:  Banner  Marsh  (floods  when  river  stage  reaches  28  ft  at  the 
Havana,  IL  gage),  Emiquon  (17.6  ft),  Chautauqua  (16.4  ft),  and  Rice  Lake  (11.0  ft). 
Water  management  practices  varied  among  sites  and  will  be  discussed  in  relation  to  the 
response  in  use  by  shorebirds. 

We  surveyed  shorebirds  during  spring  and  summer/fall  migration  in  2003  (17  March  to 
14  November)  and  spring  migration  in  2004  (28  February  to  25  June).  Each  site  was  vis¬ 
ited  about  once  every  5  days  and  only  portions  of  the  sites  with  suitable  shorebird  habitat, 
determined  by  the  presence  of  shallow  water  and  mudflats,  were  surveyed.  We  adjusted 
survey  routes  as  locations  of  habitat  changed  with  fluctuating  hydrology.  When  shore- 
birds  were  greater  than  100  meters  from  the  observer,  small  Calidris  sandpipers  were 
grouped  as  “peeps”.  Long-billed  (Limnodromus  scolopaceus)  and  Short-billed  Dowitch- 
ers  {Limnodromus  griseus)  were  grouped  as  “dowitchers”  throughout  the  surveys.  Shore- 
bird  use-days  for  each  site  were  calculated  by  multiplying  the  mean  number  of  individu¬ 
als  of  a  species  observed  on  two  consecutive  surveys  by  the  number  of  days  between 
those  counts  (Rundle  and  Fredrickson,  1981).  To  account  for  variation  in  quantity  of 
shallow  water  and  mudflats  among  sites  and  seasons,  we  estimated  the  density  of  shore- 
birds  per  100  ha.  To  obtain  an  estimate  of  size,  we  delineated  available  shorebird  habitat 
at  each  site  during  each  season  on  a  Digital  Orthophoto  Quadrangle  to  estimate  total 
shorebird  habitat.  We  then  used  the  editor  toolbar  in  ArcGIS  8.1  to  create  a  polygon  to 
estimate  total  area  of  shorebird  habitat  (mudflats  and  water  <10cm)  at  each  site  during  the 
fall  and  spring  migration. 

To  evaluate  the  degree  that  all  wetlands  in  this  complex  are  used  similarly,  shorebird  use- 
days  among  sites  and  within  years  were  compared  using  a  cross-correlation  analysis.  We 
assumed  that  migrating  shorebirds  could  select  among  sites  in  this  wetland  complex,  and 
that  differences  in  use  by  shorebirds  reflect  differences  in  relative  habitat  quality  among 
sites  that  may  change  over  time.  Results  are  reported  as  cross-correlation  coefficients 
with  the  time  lag  (days)  at  which  cross  correlation  was  maximized.  A  time  lag  of  zero 
would  indicate  the  two  sites  being  compared  received  concurrent  shorebird  use  during 
migration.  A  positive  or  negative  time  lag  describes  the  temporal  difference  between 
sites.  The  magnitude  of  the  cross-correlation  coefficient  measures  the  strength  and  direc¬ 
tion  of  the  migration  chronology  between  sites;  higher  coefficients  correspond  to 
increased  similarities.  Statistical  analysis  was  performed  using  the  R  software  environ¬ 
ment  (R  Development  Core  Team,  2004;  http/Zwww.R-project.org). 

RESULTS 

We  observed  24  species  of  shorebirds  and  the  wetland  complex  provided  over  150,000 
shorebird  use-days  during  the  study,  with  individual  species  of  shorebirds  ranging  from 
10  to  38,171  use-days.  Spring  migration  at  the  wetland  complex  peaked  in  early  May  in 
2003  (109  shorebird  use-days/ lOOha)  and  2004  (688  shorebird  use-days/ lOOha)  and  in 
early  August  in  2003  (1014  shorebird  use-days/ lOOha)  (Fig.  2).  The  most  frequently 
observed  species  (>26,500  use-days)  were  Lesser  Yellowlegs  {Tringa  flavipes).  Pectoral 
Sandpipers  {Calidris  melanotos),  Killdeer  {Charadrius  vociferous),  and  ‘peeps’(Cfl/z7/rA 
spp.);  together,  these  species  comprised  more  than  80%  of  the  total  shorebirds  surveyed. 
The  migration  chronology  for  shorebird  use-days  among  sites  for  the  spring  and  sum- 
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mer/fall  migration  in  2003  showed  high  variation  (Fig.  3  and  4;  Table  1).  The  time  lag 
when  cross-correlation  of  shorebird  use  at  two  sites  was  maximized  ranged  from  0  to  52 
days.  The  average  time  lag  for  all  the  comparisons  of  shorebird  use  among  sites  for 
spring,  2003  was  25.7  days  and  the  summer/fall  2003  migration  was  23.3  days.  Much  less 
variation  of  temporal  use  among  the  study  sites  existed  in  spring,  2004,  when  the  average 
time  lag  was  0.7  days. 

The  variation  in  shorebird-use  among  the  sites  was  partially  explained  by  hydrology  con¬ 
ditions  in  response  to  river  flooding  events.  At  Rice  Lake  during  the  2003  spring  and  fall 
migration,  river  levels  breached  the  levees  and  temporarily  offered  shallow  water  habitat 
in  impoundments  managed  for  walk-in  duck  hunting,  increasing  shorebird  use,  but 
quickly  flooded  impoundments  to  depths  >lm,  leading  to  a  decline  in  shorebird  use  (Fig. 
3).  During  the  2004  spring  migration,  the  main  impoundment  at  Rice  Lake  began  to 
recede  from  flood  waters  in  early  May,  and  1,384  shorebirds  of  9  species  were  observed 
using  the  impoundment  in  one  day  (Fig.  4).  Shortly  after,  the  river  levels  increased  and 
flooded  the  impoundment;  the  window  of  opportunity  for  shorebird  habitat  in  early  May 
was  about  10  days.  Other  sites,  such  as  Emiquon  during  the  spring  migration,  benefit 
from  the  river  flood  events,  offering  managers  the  opportunity  to  slowly  open  water  con¬ 
trol  gates  allowing  water  to  flood  moist  soil  impoundments  (Fig.  3).  The  Illinois  River 
flooded  in  March  in  2004,  two  months  earlier  than  the  previous  year,  and  allowed 
USFWS  staff  to  elevate  water  levels  in  the  Wilder  Tract  by  opening  water  control  struc¬ 
tures.  Because  staff  had  mowed  the  entire  unit  in  February  2004,  the  flood  water  that 
entered  Wilder  Tract  provided  shorebirds  access  to  mudflats  with  less  than  25%  vegeta¬ 
tion  cover,  an  amount  recommended  by  Helmers  (1992). 

Although  river  connectivity  and  flood  events  dictate  hydrology  at  sites  with  little  protec¬ 
tion  from  the  river,  management  decisions  played  a  large  role  in  the  hydrology  at  the 
sites,  influencing  shorebird  use.  Shorebird  use-days  at  Emiquon  during  the  spring  migra¬ 
tion  increased  from  2,458  in  2003  to  16,691  in  2004  (Fig.  3  and  4).  In  2003,  the  Wilder 
Tract  supported  very  little  shallow-water  habitat  or  shorebird  use  during  early-spring  and 
the  first  flood  of  the  Illinois  River  in  May  quickly  elevated  the  water  level  into  emergent 
vegetation,  principally  native  smartweed  {Polygonum  pennsylvanicum) .  During  the  spring 
of  2003 ,  the  South  Globe  remained  in  agricultural  production  and  Killdeer  were  the  only 
shorebird  species  observed  using  the  unit.  The  South  Globe  unit  was  taken  out  of  agri¬ 
cultural  production  for  the  first  time  in  2004,  at  which  time  the  com  and  bean  stubble  was 
flooded  to  create  extensive  shallow  water.  This  resulted  in  an  increase  in  the  availability 
of  shorebird  habitat  at  Emiquon  from  the  spring  of  2003  to  2004. 

We  observed  little  variation  between  years  in  shorebird  use-days  at  Chautauqua.  Man¬ 
agement  in  the  South  Pool  is  constrained  by  invasive  vegetation,  principally  willow 
{Salix  spp.)  and  cocklebur  {Xanthium  spp.;  Bowyer  et  al.,  2005)  and  water  levels  are 
maintained  greater  than  one  meter  throughout  the  spring,  which  was  too  deep  for  shore- 
birds  to  utilize  (Hamer,  2004).  In  mid-summer  when  river  levels  receded,  refuge  staff 
opened  water  control  stmctures  to  provide  a  gradual  drawdown  (5  to  7  cm/week)  and  a 
continuous  availability  of  food  resources.  As  a  result,  Chautauqua  received  over  100,000 
shorebird  use-days  during  the  summer/fall  migration  in  2003  (Fig.  3).  Greater  than  90% 
of  the  shorebirds  using  Banner  Marsh  during  the  study  occurred  at  an  impoundment 
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where  the  water  levels  were  manipulated  to  allow  construction  of  levees  and  hunting 
blinds  or  the  production  of  corn. 


DISCUSSION 

Under  conditions  where  habitat  quality  for  shorebirds  was  similar  at  all  sites,  we  expect 
shorebird  chronologies  among  sites  in  this  wetland  complex  to  be  highly  correlated  with 
a  zero  time  lag.  Instead,  we  observed  variable  shorebird  use  of  this  wetland  complex, 
likely  due  to  changes  in  the  availability  of  foraging  habitat.  Unpredictable  wetland  habi¬ 
tat,  yielding  spatially  and  temporally  variable  shorebird  use  of  this  stopover  habitat,  is 
characteristic  of  wetlands  in  the  Mississippi  Alluvial  Valley  (MAV).  As  the  distance 
between  wetlands  decreases  and  the  proportion  of  the  landscape  composed  of  wetlands 
increases,  shorebirds  make  more  inter- wetland  movements  (Farmer  and  Parent,  1997). 
The  close  proximity  of  our  4  study  sites  suggests  that  shorebirds  had  the  opportunity  to 
sample  all  of  the  sites.  Thus,  differences  in  shorebird  use  of  these  sites  likely  reflect  the 
amount  and  quality  of  stopover  habitat.  The  availability  of  foraging  microhabitat  at  each 
study  site  was  a  function  of  topography,  river  connectivity,  precipitation,  and  manage¬ 
ment  practices  by  site  personnel. 

The  shorebird  migration  chronology  of  a  site  unprotected  from  the  river,  such  as  Rice 
Lake  SFWA,  shows  short  peaks  of  shorebird  use  followed  by  periods  of  very  little  use  by 
shorebirds  because  flood  events  created  deepwater  habitat  that  was  not  suitable  for  shore- 
birds.  This  finding  emphasizes  the  opportunistic  ability  of  shorebirds  to  rapidly  exploit 
newly  exposed  invertebrate  resources.  However,  sites  with  more  protection  (i.e.  higher 
levees)  from  the  river  and  more  water  control  capabilities  provided  more  consistently 
shorebird  habitat.  In  these  cases,  managers  should  avoid  maintaining  stable  water  condi¬ 
tions,  which  could  increase  the  potential  of  invertebrate  depletion  by  shorebird  predation 
(Hamer  et  al.  2006). 

Although  wetland  management  is  challenged  by  river  flood  events,  unpredictable  pre¬ 
cipitation,  and  invasive  species,  management  decisions  are  one  of  the  largest  factors 
affecting  the  availability  of  shorebird  habitat.  Management  decisions  at  Emiquon  NWR 
allowed  more  water  into  the  Wilder  Tract  and  flooded  the  agriculture  field  in  the  South 
Globe  which  resulted  in  shorebird  use  during  the  spring  of  2004  to  be  over  6  times  that  of 
the  previous  year. 

Because  of  the  dynamic  and  unpredictable  nature  of  interior  wetlands  such  as  this  MAV 
wetland  complex,  migrant  shorebirds  in  the  interior  fly  way  show  site  fidelity  to  larger 
wetland  complexes  rather  than  to  particular  wetlands  (Skagen  and  Knopf,  1994).  Thus, 
interpreting  shorebird  counts  at  single  stopover  locations  alone  can  bias  conclusions 
about  migration  chronology  and  provide  misleading  directions  for  management  efforts. 
The  abundance  of  habitat  and  shorebirds  at  Chautauqua  NWR  during  the  summer/fall 
migration  creates  a  migration  chronology  with  a  summer/fall  peak  about  11  times  the 
magnitude  of  the  spring  migration,  allowing  designation  of  this  refuge  as  a  WHSRN  site. 
However,  when  we  account  for  the  quantity  of  habitat  available  during  the  spring  and  fall 
migration,  we  see  that  the  complex  can  receive  high  shorebird  use  per  unit  area  during  the 
spring  migration  as  well  (e.g.  Fig.  2;  spring  of  2004).  Although  the  density  of  shorebird 
use  during  the  spring  does  not  reach  that  of  use  during  the  summer/fall  migration,  we 
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expect  more  shorebirds  migrating  in  the  latter,  due  to  the  addition  of  juvenile  birds  and  a 
slower  turn-over  rate  (Lyons  and  Haig  1995;  Dunn  et  al.,  1998).  As  Chautauqua  NWR  is 
representative  of  Illinois  stopover  locations,  this  disproportionate  use  in  summer/fall 
might  be  misinterpreted  as  shorebirds  exhibiting  elliptical  migration  and  bypassing  Illi¬ 
nois  in  the  spring.  This  view  would  not  consider  that  management  of  these  sites  may 
detract  from  habitat  availability  in  the  spring. 

Many  factors  must  be  considered  for  management  of  interior  wetlands,  and  management 
strategies  are  not  universally  effective  across  time  and  space.  Recent  emphasis  has  been 
placed  on  providing  resources  for  a  broad  group  of  wildlife  with  an  integrated  approach 
to  wetland  management  (Laubhan  and  Fredrickson,  1993;  Erwin,  2002).  This  approach 
emphasizes  wetland  management  at  the  landscape  scale.  Management  should  not  rely  on 
meeting  all  wildlife  needs  at  individual  wetlands,  but  should  integrate  and  exploit  the 
diverse  characteristics  provided  by  an  entire  wetland  complex.  Thus,  managers  of  differ¬ 
ent  areas  need  to  cooperate  to  insure  the  needs  of  diverse  flora  and  fauna  are  met. 

Management  strategies  for  shorebirds  on  big  river  ecosystems  are  often  hindered  by 
unpredictable  flood  events.  The  establishment  of  drainage  and  levee  districts  on  the  Illi¬ 
nois  River  in  the  early  1900’s  reduced  the  space  for  flow  and  increased  flood  stages 
(Havara  and  Bellrose,  1985).  Large  flood  events  at  the  wrong  time  could  greatly  reduce 
available  habitat.  Flood  waters  breached  the  levee  on  the  South  Pool  of  Chautauqua  in 
mid- June  2004.  A  flood  event  occurring  in  early- August  would  devastate  the  habitat 
relied  upon  by  the  large  concentration  of  shorebirds  that  traditionally  use  this  site  during 
the  summer/fall  migration.  A  flood  of  this  nature  might  also  produce  shallow  water  habi¬ 
tat  in  agricultural  fields  but  the  value  of  this  habitat  to  shorebirds  is  poorly  understood. 
Conservation  of  interior  migrating  shorebirds  demands  availability  of  nearby  alternate 
sites  when  traditional  sites  are  lost  (Smith  et  al.,  1991;  Skagen  and  Knopf,  1994),  under¬ 
lining  the  need  for  diverse  complexes. 
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Figure  1.  Location  of  4  study  sites  in  west-central  Illinois  (Chautauqua  and  Emiquon 
NWR,  Rice  Lake  and  Banner  Marsh  SFWA)  along  the  Illinois  River. 


Shorebird  use-day  density  (ind./100ha) 
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Figure  2.  Extrapolated  shorebird  use-day  density  (indVlOO  ha)  at  a  wetland  complex 
(Rice  Lake  SFWA,  Emiquon  NWR,  Chautauqua  NWR,  and  Banner  Marsh 
SEW  A,  Illinois)  along  the  Illinois  River  during  the  spring  migration  and  sum¬ 
mer/fall  migration  of  2003  and  spring  migration  of  2004.  Spring  2003-2004 
comparisons  are  not  possible  because  of  the  addition  of  new  habitat  created  at 
Emiquon  NWR  in  2004.  Data  are  presented  in  a  one-week  moving  average  and 
note  difference  in  scale.  One  use  day  equals  one  individual  shorebird  using  a 
site  on  a  single  day. 
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Figures.  Extrapolated  shorebird  use-days  (one-week  moving  average)  at  Rice  Lake 
SFWA,  Emiquon  NWR,  Chautauqua  NWR,  and  Banner  Marsh  SFWA,  Illinois, 
during  the  spring  migration  and  summer/fall  migration  of  2003  (solid  line).  The 
right  y-axis  is  the  Illinois  River  stage  at  the  Havana,  Illinois  gage  (dashed  line). 
Study  sites  vary  in  size  and  note  difference  in  scale  for  Chautauqua  during  the 
summer/fall  migration.  River  connectivity  refers  to  the  river  stage  that  will 
flood  the  impoundment  [Rice  Lake  (11.0  ft),  Emiquon  (17.6  ft),  Chautauqua 
(16.4  ft),  and  Banner  Marsh  (28  ft)],  indicated  by  arrow  on  left  y-axis. 
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Figure  4.  Extrapolated  shorebird  use-days  (one- week  moving  average)  at  Rice  Lake 
SFWA,  Emiquon  NWR,  Chautauqua  NWR,  and  Banner  Marsh  SFWA,  Illinois, 
during  the  spring  migration  of  2004.  Study  sites  vary  in  size.  The  right  y-axis  is 
the  Illinois  River  stage  at  the  Havana,  Illinois  gage.  River  connectivity  refers  to 
the  river  stage  that  will  flood  the  impoundment  [Rice  Lake  (1 1.0  ft),  Emiquon 
(17.6  ft),  Chautauqua  (16.4  ft),  and  Banner  Marsh  (28  ft)],  indicated  by  arrow 
on  left  y-axis. 
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Table  1.  Cross-correlation  results  for  shorebird  use-day  chronology  at  Chautauqua  NWR, 
Banner  Marsh  SFWA,  Rice  Lake  SWFA,  and  Emiquon  NWR  during  the  spring 
(sp)  migration  and  summer/fall  (fa)  migration  of  2003  and  spring  migration  of 
2004.  Cross-correlations  were  computed  among  sites  within  years  only.  Data 
reported  are  cross-correlation  coefficients  with  the  time  lag  (days)  at  which 
cross-correlation  was  maximized.  All  results  are  significant  at  the  0.05  level. 
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2003  sp  0.68(43) 

Rice  Lake  2003  fa  0.23(7) 

2004  sp 


0.87(-l) 


0.38(-52) 


0.59(1) 


0.72(0) 


Transactions  of  the  Illinois  State  Academy  of  Science 
(2008),  Volume  101,#l&2,pp.  107-112 


received  7/20/07 
accepted  2/18/08 


A  Survey  of  Aquatic  Turtles  at  Kickapoo 
State  Park  and  Middle  Fork  State  Fish 
and  Wildlife  Area  (MFSFWA) 


Anne  M.  Readel*’^  and  Christopher  A.  Phillips'’^ 
'Program  in  Ecology  and  Evolutionary  Biology 
University  of  Illinois,  61801,  USA 
^Illinois  Natural  History  Survey 
Division  of  Biodiversity  and  Ecological  Entomology 
1816  S.  Oak  St.,  Champaign,  IL  61820 
Email:  readel@uiuc.edu  (reprint  author) 


ABSTRACT 

Aquatic  turtles  were  trapped  from  10  ponds  in  Kickapoo  State  Park  and  Middle  Fork 
State  Fish  and  Wildlife  Area  (MFSFWA),  Vermilion  Co.,  Illinois.  A  total  of  2979  trap 
hours  yielded  90  individual  turtles  of  4  species:  1  spiny  softshell  {Apalone  spinifera),  12 
common  snapping  (Chelydra  serpentina),  39  painted  {Chrysemys  picta),  and  38  slider 
{Trachemys  scripta)  turtles.  Visual  surveys  were  also  conducted  but  did  not  yield  any 
additional  species. 

Keywords.  Kickapoo  State  Park,  Middle  Fork  State  Fish  and  Wildlife  Area,  turtles, 
survey 


INTRODUCTION 

Aquatic  turtle  surveys  are  necessary  to  determine  what  species  inhabit  an  area,  identify 
species  community  composition,  understand  the  impacts  of  anthropogenic  activities  on 
turtle  populations  and  communities,  and  guide  wildlife  management  efforts.  Currently, 
one-third  of  the  1 5  aquatic  turtle  species  in  Illinois  are  listed  as  either  state  threatened  or 
endangered  (Phillips  et  al.  1999).  There  have  been  numerous  aquatic  turtle  surveys  pub¬ 
lished  on  Illinois  species,  but  none  have  provided  data  specifically  on  turtles  present  in 
eastern  Illinois  (Table  1). 


STUDY  AREAS 

We  conducted  an  aquatic  turtle  survey  at  Kickapoo  State  Park  and  the  Middle  Fork  State 
Fish  and  Wildlife  Area  (MFSFWA)  located  in  Vermilion  Co.,  in  east-central  Illinois. 
Kickapoo  State  Park  encompasses  2,842  acres  and  includes  22  deep-water  ponds  totaling 
221  acres  with  ponds  ranging  in  size  from  0.2  —  57  acres  (IDNR  website).  The  Middle 
Fork  State  Fish  and  Wildlife  Area  consists  of  2,700  acres  of  grass,  forest,  cropland,  and 
marsh,  and  is  connected  to  Kickapoo  State  Park  by  the  Middle  Fork  River,  approximately 
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10  miles  downstream  (IDNR  website).  Our  objective  was  to  survey  the  ponds  and  marsh 
in  the  park  and  wildlife  area,  respectively,  to  document  the  resident  turtle  species. 

MATERIALS  AND  METHODS 

Turtles  were  trapped  using  baited  hoop  traps  from  6  June  to  22  September  2005  at 
Kickapoo  State  Park  and  from  6-12  June  2006  at  MFSFWA.  Traps  were  checked  daily  to 
prevent  accidental  drowning.  Spot  visual  searches  (not  timed)  were  also  performed  daily 
at  each  site  to  locate  any  basking  turtles.  Timed  visual  encounter  surveys  were  conducted 
from  15  April  to  12  June  2006  at  MFSFWA  where  researchers  would  walk  the  perimeter 
of  the  marsh  and  search  the  vegetation  for  turtles. 

Captured  turtles  were  measured  for  straight-line  plastron  length  (PL)  and  carapace  length 
(CL)  to  the  nearest  mm,  weighed  to  the  nearest  g.,  and  marked  with  a  unique  notch  on 
their  marginal  scutes  (Cagle  1939).  The  sex  of  each  turtle  was  determined  using  secon¬ 
dary  sexual  characters  such  as  elongated  foreclaws  and  preanal  tail  lengths  (Ernst  et  al. 
1994).  The  reproductive  stage  was  determined  using  PL  (Ernst  et  al.  1994). 

RESULTS 

In  Kickapoo  State  Park,  turtles  were  trapped  from  9  ponds  totaling  2191  trap  hours  of 
effort  (Table  2).  A  total  of  81  individual  turtles  were  captured  including:  1  spiny  softshell 
{Apalone  spinifera),  8  common  snapping  {Chelydra  serpentina),  34  painted  (Chrysemys 
picta),  and  38  slider  (Trachemys  scripta)  turtles  (Tables  2  &  3).  One  T.  scripta  and  one  C. 
picta  were  recaptured,  but  not  included  in  any  tables  or  calculations.  Only  C.  serpentina, 
C.  picta,  and  T.  scripta  were  seen  using  spot  searches. 

At  MFSFWA,  a  total  of  788  trap  hours  at  the  Main  Marsh  yielded  9  turtles:  4  C.  serpen¬ 
tina,  and  5  C.  picta  (Tables  2  &  3).  A  total  of  215  minutes  of  timed  visual  encounter  sur¬ 
veys  as  well  as  spot  surveys  yielded  only  C.  serpentina  and  C.  picta. 

DISCUSSION 

Eight  species  of  aquatic  turtles  have  been  reported  present  in  Vermilion  Co.,  Illinois 
(Phillips  et  al.  1999).  Our  survey  found  only  half  of  these  species.  Although  not  encoun¬ 
tered,  it  is  possible  that  the  common  musk  turtle  {Sternotherus  odoratus),  and  the  Bind¬ 
ing’s  turtle  (Emydoidea  blandingii),  a  state  threatened  species,  may  also  utilize  these 
sites.  Emydoidea  blandingii  was  first  observed  at  MFSFWA  in  1990,  but  has  not  been 
seen  since  1996.  Due  to  the  interconnectedness  and  breadth  of  possible  habitats  in  the 
area,  a  small  population  of  Binding’s  turtles  could  still  persist.  It  is  unlikely  that  com¬ 
mon  map  turtles  {Graptemys  geographica)  and  smooth  softshells  {Apalone  mutica),  spe¬ 
cies  that  prefer  rivers  and  large  ikes  (Phillips  et  al.  1999),  would  inhabit  these  ponds. 

Chrysemys  picta  and  T.  scripta  had  the  highest  relative  abundance  (Table  1)  of  all  turtle 
species  captured,  and  are  often  reported  as  the  most  abundant  turtles  in  suitable  ponds 
within  their  range  (Ernst  et  al.  1994;  Dreslik  et  al.  2005;  Ernst  1971).  The  abundances  of 
T.  scripta  and  C.  picta  in  our  study  were  lower  and  higher,  respectively,  than  most  other 
studies  conducted  in  southern  and  western  Illinois  (Table  1).  Generally,  populations  of  C. 
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picta  dominate  in  northern  Illinois,  and  T.  scripta  in  southern  Illinois  (Phillips  et  al.  1999; 
Reehl  et  al.  2006;  Dreslik  et  al.  2005,  Dreslik  and  Phillips  2005).  However,  it  appears  that 
in  some  areas  within  eastern  and  western  Illinois,  these  species  coexist  at  similar  popula¬ 
tion  levels  (Moll  1977,  this  study).  These  species  may  be  competitors  where  they  co¬ 
occur  (Cagle  1942;  Cagle  and  Chaney  1950;  Ernst  1971;  Moll  and  Legler  1971),  but,  it  is 
unknown  if  T.  scripta  ever  directly  excludes  C.  picta.  It  is  possible  that  some  species 
sorting  exists  among  the  ponds  in  Kickapoo  State  Park  (Table  2)  where  each  pond  may 
be  dominated  by  either  C.  picta  or  T.  scripta.  More  data  would  be  needed  to  draw  any 
conclusions.  The  ponds  at  Kickapoo  State  Park  may  offer  a  unique  opportunity  to  study 
competition  between  these  species  in  an  area  where  they  naturally  co-exist. 

The  relative  abundance  of  C.  serpentina  in  our  study  was  both  similar  and  higher  (Table 
1)  than  other  studies.  This  species  appears  common  at  the  sites  surveyed  in  this  study 
because  it  took  only  half  the  number  of  trap  hours  to  capture  one  C.  serpentina  at  Kicka¬ 
poo  State  Park  and  MFSFWA  compared  to  a  large-scale  survey  of  57  sites  conducted 
throughout  central  and  southern  Illinois  during  the  same  time  period  (Readel  et  al,  2008). 
Harvest  (Congdon  et  al.  1994)  and  road  mortality  (Haxton  2000)  could  result  in  popula¬ 
tion  declines  for  this  species,  but  probably  have  minimal  impacts  on  this  species  at  our 
study  sites  because  of  reduced  speed  limits  in  the  area  and  the  prohibited  use  of  fish  and 
turtle  traps  and  trot  lines. 

Apalone  spinifera  had  the  lowest  turtle  species  composition  and  represented  only  1%  of 
all  turtles  captured  at  our  sites.  This  species  relative  abundance  is  comparable,  however, 
to  most  other  studies  conducted  in  Illinois  (Table  1)  but  the  number  of  trap  hours  taken  to 
capture  one  A.  spinifera  was  double  the  average  from  57  sites  in  central  and  southern 
Illinois  (Readel  et  al.  2008). 

Numerous  studies  suggest  that  multiple  methods  should  be  employed  when  sampling 
turtle  communities  in  order  to  reduce  trap  bias  (Ream  and  Ream  1966;  Dreslik  et  al. 
2005;  Reehl  et  al.  2006).  This  study  utilized  only  baited  hoop  traps,  a  method  that 
resulted  in  the  underestimation  of  both  C.  picta  and  S.  odoratus  abundance  in  another 
study  (Reehl  et  al.  2006).  Additionally,  different  trapping  methods  can  result  in  different 
sex  ratios  and  size  structures  in  turtle  populations  (Ream  and  Ream  1966).  Trap  biases 
could  compromise  results  of  studies  using  raw  trap  data  (Reehl  et  al.  2006;  Dreslik  et  al. 
2005;  Ream  and  Ream  1966,  this  study). 
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Table  1.  The  relative  abundance  (%)  of  each  turtle  species  captured  for  multiple  aquatic 
turtle  studies  throughout  Illinois. 


Apalone 

spinifera 

Chelydra 

serpentina 

Chrysemys 

picta 

Trachemys 

scripta 

No.  Turtles 
(Ponds) 

Region 

Study 

1.1 

(0.06  -  5.9) 

13.3 

(7.6-22.1) 

42.2 

(33.2  -  53.9) 

43.3 

(32.2  -  52.8) 

90(10) 

Eastern 

This  study 

4.6 

13.2 

21.0 

55.2 

433 (57) 

Eastern  & 

Southern 

Readel  et  al.  2008 

1.3 

8.6 

0.4 

66.7 

1082  (1) 

Southern 

Dreslik  et  al.  2005 

1.8 

2.1 

10.1 

74.9 

2346  (6) 

Southern 

Cagle  1942 

0.2 

3.3 

19.5 

67.5 

400(1) 

Western 

Reehl  et  al.  2006 

7.0 

2.1 

36.2 

35.5 

1091  (4) 

Western 

Moll  1977 

Table  2.  Trap  sites,  trap  hours,  and  the  number  of  each  turtle  species  captured  at  Kicka- 
poo  State  Park  and  Middle  Fork  State  Fish  and  Wildlife  Area  (MFSFWA)  from 
6  June  to  22  September  2005  in  Vermilion  Co.,  Illinois. 


Site 

Trap  Apalone 
Hours  spinifera 

Chelydra 

serpentina 

Chrysemys 

picta 

Trachemys 

scripta 

Total  No. 
Captured 

Kickapoo  State  Park 

High  Lake 

472.8 

— 

2 

6 

11 

19 

Inland  Sea 

189.0 

1 

— 

1 

4 

6 

Little  Deep  Pond 

100.0 

— 

— 

— 

— 

0 

Little  Hook  Lake 

573.5 

— 

3 

11 

3 

17 

Peelman  Pond 

596.0 

— 

1 

5 

16 

22 

Possum  Pond 

140.0 

— 

— 

10 

4 

14 

Silt  Basin 

24.0 

— 

— 

— 

— 

0 

Sportsmans  Lake 

72.3 

— 

— 

1 

— 

1 

Unnamed  Slough 

23.5 

— 

2 

— 

— 

2 

Total 

2191.0 

1 

8 

34 

38 

81 

MFSFWA 

Main  Marsh 

788.0 

— 

4 

5 

— 

9 

Total  788.0  0  4  5  0  9 

2979.0  1  12  39  38  90 


Grand  Total 
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Table  3.  Sex,  stage,  and  morphometries  for  each  turtle  species  captured  at  Kickapoo  State 
Park  and  Middle  Fork  State  Fish  and  Wildlife  Area  (MFSFWA)  in  Vermilion 
Co.,  Illinois. 


Species 

Total 

Captured 

Sex 

(M.F.U) 

Stage 

(Mat.Immat.) 

Average 
Weight 
(g)  ±  SE 

Average 

CL±SE 

Average 

PL±SE 

Kickapoo  State  Park 

Apalone  spinifera 

1 

0.1.0 

1.0 

970 

215 

160 

Chelydra  serpentina 

8 

0.1.7 

2.6 

N/A 

179  ±25 

118±  16 

Chrysemys  picta 

34 

23.8.3 

28.6 

273  ±25 

127  ±4 

117±4 

Trachemys  script  a 

38 

11.19.8 

20.18 

681 ±  107 

153  ±  10 

143  ±9 

MFSFWA 

Chelydra  serpentina 

4 

2.2.0 

4.0 

N/A 

272  ±30 

202  ±  17 

Chrysemys  picta 

5 

1.4.0 

5.0 

567  ±59 

162  ±6 

151  ±7 
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ABSTRACT 

I  investigated  the  freshwater  mussel  assemblage  of  the  Galena  River  basin  in  Wisconsin 
and  Illinois  in  2005-2006  to  determine  distribution  and  structure  of  the  fauna.  I  collected 
27  live  individuals  representing  5  species  during  47  person-hours  of  sampling  at  28  sites; 
I  also  found  valves  of  an  additional  20  species,  including  5  species  listed  at  the  state  level 
in  Wisconsin  and/or  Illinois.  Freshwater  mussels  were  evident  at  18,  or  64%,  of  the  sites. 
Regression  analysis  indicated  an  increase  in  extant  species  richness  (r^  =  0.21,  Foo5(2),26  = 
6.97,  P  =  0.02)  and  historic  species  richness  (r^  =  0.58,  Fo.o5(2),  26  =  40.18,  P  <  0.0001) 
from  upstream  to  downstream.  Expanding  drainage  areas  usually  offer  decreased  gradi¬ 
ents,  more  habitat  complexities,  and  higher  host  fish  diversity.  A  /-test  concluded  extant 
and  historic  species  richness  differed  significantly  (/o.o5(i),  \i-  3.56,  P  =  0.003)  suggesting 
that  the  assemblage  has  been  reduced. 

Key  Words:  bivalve,  Mollusca,  unionids,  Wisconsin  Driftless  Division 


INTRODUCTION 

The  Wisconsin  Driftless  Division  (herein  after  Driftless  area),  a  region  of  nearly  35,000 
km  ,  was  surrounded  but  never  covered  by  late  Pleistocene  glacial  ice  (Page  et  al.  1992; 
Knox  2001;  Knox  2006).  Today,  the  area  has  rolling  topography  characterized  by  steep¬ 
sided  (up  to  150  m/km  vertical  relief)  limestone/sandstone  valleys,  forested  ridges,  and 
streams  that  have  spring-fed  headwaters.  Situated  between  the  tallgrass  prairie  to  the  west 
and  the  deciduous  forest  to  the  east,  the  Driftless  area  historically  was  dominated  by  tail- 
grass  prairie,  oak  savanna,  southern  oak  forest,  and  southern  mesic  forest.  Today,  the 
region  has  agricultural  fields  (e.g.,  row  crops  or  grazing  pastures)  that  have  riparian  areas 
composed  of  either  grassy  or  woody  buffer  strips.  About  40  species  of  freshwater  mussels 
(Bivalvia:  Unionidae)  historically  inhabited  the  Driftless  area  (unpublished  data  from  the 
Illinois  Natural  History  Survey  [INHS]  Mollusk  Collection,  Champaign).  It  appears  that 
5  species  (13%)  are  extirpated  from  the  area,  and  include  fluted  shell  Lasmigona  costata. 
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elephantear  Elliptio  crassidens,  ebonyshell  Fusconaia  ebena,  sheepnose  Plethobasus 
cyphyus,  and  muckQt  Actinonaias  ligamentina. 

The  Galena  River,  one  of  the  streams  in  the  Driftless  area,  drains  nearly  525  km  .  The 
stream  originates  in  Grant  and  Lafayette  counties,  Wisconsin,  and  flows  south-southwest 
through  Jo  Daviess  County,  Illinois,  until  reaching  the  Mississippi  River  (Figure  1).  The 
Galena  River  basin  contains  a  unique  fish  assemblage,  including  Ozark  minnow  Notropis 
nubilus  and  longnose  dace  Rhinichthys  cataractae^  which,  in  Wisconsin  and  Illinois,  are 
found  only  in  a  few  basins  (INHS  Fish  Collection,  Champaign,  data).  Monitoring  aquatic 
assemblages  is  vital  for  natural  resource  agencies  to  accurately  assess  their  statuses  (e.g., 
rare  species)  and  provide  baseline  data  to  evaluate  the  effects  of  human  activities.  How¬ 
ever,  not  all  aquatic  assemblages  have  been  adequately  sampled.  One  such  example  is  the 
freshwater  mussel  fauna.  I  sampled  freshwater  mussels  in  the  Galena  River  basin  to 
determine  distribution  and  structure  of  the  assemblage.  Prior  to  this  study,  no  comprehen¬ 
sive  survey  on  the  freshwater  mussel  fauna  of  the  Galena  River  basin  had  been  con¬ 
ducted.  Data  collected  will  allow  future  comparisons  for  monitoring  the  assemblage  and 
provide  information  on  which  to  base  management  goals  for  the  basin. 

METHODS 

I  collected  freshwater  mussels  at  28  sites  in  the  Galena  River  basin  (Figure  1;  Appendix 
1)  during  August  2005  and  August  2006.  Four  sites  were  selected  because  historical  data 
existed  for  them  (INHS  Mollusk  Collection  data)  and  the  remaining  24  sites  were 
selected  to  provide  coverage  of  streams  throughout  the  entire  watershed.  Of  the  four  his¬ 
torical  locations.  Site  19  was  surveyed  in  1993  and  1994  (unknown  amount  of  effort)  and 
Site  22  was  sampled  for  30  minutes  in  2002,  whereas  incidental  encounters  were  discov¬ 
ered  at  Site  18  in  2000  and  Site  21  in  1941. 1  collected  live  freshwater  mussels  and  valves 
of  dead  specimens  by  hand-grabbing  for  1-2  person-hours  at  each  site  depending  upon 
stream  condition  and  amount  of  success  (Tiemann  2006).  For  example,  collecting  ceased 
at  sites  where  substrates  were  predominantly  clay/silt  and  no  specimens  were  found 
within  the  first  hour  of  sampling.  Hand-grabbing  is  a  cost-effective,  semi-quantitative 
method  effective  for  obtaining  information  on  relative  abundance  and  species  richness 
but  can  be  biased  to  an  unknown  extent  (Strayer  et  al.  1997;  Vaughn  et  al.  1997).  Sam¬ 
pling  occurred  while  wading  in  all  available  habitats  but  primarily  was  concentrated  in 
areas  that  appeared  likely  to  support  freshwater  mussels,  such  as  non-silted  areas  (Tie¬ 
mann  2006).  No  effort  was  made  to  sample  ponds/lakes  or  wetlands  in  the  basin.  Below 
average  water  levels  during  summer  2005  allowed  sampling  in  the  channelized,  lower 
portions  of  the  basin.  I  obtained  Global  Positioning  System  coordinates  at  each  site  using 
a  Garmin  GPS  12  XL  (Garmin  International,  Romsey,  Hampshire,  United  Kingdom).  I 
classified  shell  material  as  live,  fresh  dead  (shiny  nacre),  or  relict  (chalky  nacre)  based  on 
condition  of  the  best  specimen  found  (Sietman  et  al.  2004).  Identification  and  taxonomy 
followed  Cummings  and  Mayer  (1992).  All  live  individuals  were  counted  and  returned 
upon  completion  of  a  site. 

Extant  species  richness,  historical  species  richness,  and  relative  abundance  were  calcu¬ 
lated  for  each  site  (Tiemann  et  al.  2005).  I  figured  extant  species  richness  as  the  number 
of  species  represented  by  live  or  fresh  dead  shell,  historical  species  richness  as  the  total 
number  of  species  found  including  museum  records  located  at  the  INHS  Mollusk  Codec- 
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tion,  and  relative  abundance  as  catch-per-unit-effort  (CPUE).  1  used  simple  regression 
analysis  to  test  if  extant  species  richness,  historical  species  richness,  and  CPUE  increased 
from  upstream  to  downstream  in  the  basin.  Drainage  area  was  determined  by  digitizing 
topographic  maps.  At  those  sites  where  specimens  were  found,  1  applied  a  /-test  to  deter¬ 
mine  if  extant  species  richness  was  significantly  lower  than  historic  species  richness. 
Statistical  analyses  was  preformed  with  SAS  Version  8  (SAS  Institute  Inc.,  Cary,  North 
Carolina)  and  considered  significant  at  P  <  0.05. 

RESULTS  AND  DISCUSSION 

I  collected  a  total  of  27  live  individuals  representing  5  species  in  47  person-hours  in  the 
Galena  River  basin;  I  also  found  valves  of  an  additional  20  species,  including  5  species 
listed  at  the  state  level  in  Wisconsin  and/or  Illinois  (Table  1,  Appendix  2).  Freshwater 
mussels  were  evident  at  18,  or  64%,  of  the  28  sites  (Appendix  1).  CPUE  in  the  Galena 
River  basin  ranged  from  0-3  individuals  per  hour  per  site  (Appendix  2)  and  did  not 
increase  significantly  (r  =  0.06,  Po.o5(2),26  =  1-53,  P  =  0.23)  from  upstream  to  downstream 
(Figure  2a).  Giant  floater  Pyganodon  grandis  was  the  most  abundant  and  widely  distrib¬ 
uted  species  (12  individuals  from  6  sites)  followed  by  white  heelsplitter  Lasmigona  com- 
planata  (5  individuals  from  5  sites),  plain  pocketbook  Lampsilis  cardium  (5  individuals 
from  3  sites),  creek  heelsplitter  Lasmigona  compressa  (3  individuals  from  2  sites),  and 
lilliput  Toxolasma  parvus  (2  individuals  from  2  sites)  (Appendix  2).  Excluding  L.  com¬ 
pressa,  the  species  found  live  are  widespread  and  common  throughout  streams  in  the 
Midwest;  L.  compressa  occasionally  is  found  in  small  streams  in  the  region  (Cummings 
and  Mayer  1992).  Most  of  the  other  specimens  found  were  relict  valves  (Table  1,  Appen¬ 
dix  2).  Based  on  historical  records,  some  species  (e.g.,  slippershell  mussel  Alasmidonta 
viridis,  T.  parvus,  and  ellipse  Venustaconcha  ellipsiformis)  were  found  throughout  the 
basin,  whereas  other  species  (e.g.,  pistolgrip  Tritogonia  verrucosa,  pink  heelsplitter 
Potamilus  alatus,  and  threehom  wartyback  Obliquaria  reflexa)  probably  were  not  widely 
distributed  (e.g.,  found  only  in  the  lower  portions).  The  extant  species  in  the  basin  were 
found  only  in  small,  isolated  populations,  which  could  hinder  reproduction  and  recoloni¬ 
zation  efforts. 

No  live  threatened  or  endangered  species  were  collected;  however,  5  species  listed  at  the 
state  level  in  Wisconsin  and/or  Illinois  were  found  only  as  valves.  Alasmidonta  viridis 
(Wisconsin  state  threatened  and  Illinois  state  threatened),  E.  dilatata  (Illinois  state  threat¬ 
ened),  and  V.  ellipsiformis  (Wisconsin  state  threatened)  were  found  throughout  the  basin 
(Appendix  2).  These  3  species  were  once  widely  distributed  in  the  Midwest  but  are  now 
are  sporadic  in  their  distributions  (Cummings  and  Mayer  1992).  The  other  2  species, 
wartyback  Quadrula  nodulata  and  T.  verrucosa,  both  listed  as  state  threatened  in  Wis¬ 
consin,  were  found  only  in  the  downstream  areas  of  the  mainstem  (Appendix  2).  Both  of 
these  species  are  found  in  larger  rivers  or  in  the  downstream  sections  of  medium-sized 
streams  (Cummings  and  Mayer  1992). 

The  number  of  extant  species  in  the  Galena  River  basin  ranged  from  0-3  species  per  site, 
whereas  the  number  of  historic  species  varied  from  0-1 1  species  (Appendix  1;  Appendix 
2).  The  differences  in  species  richness  between  historic  and  extant  ranged  from  0-1 1  spe¬ 
cies.  Extant  species  richness  and  historic  species  richness  differed  significantly  (/o.osd),  \i 
=  3.56,  P  =  0.003)  suggesting  that  the  freshwater  mussel  assemblage  has  declined.  There 
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was  a  linear  increase  in  extant  species  richness  (r“  =  0.21,  Fo.o5(2),  26  6.97,  P  =  0.02)  and 

historic  species  richness  (r^  =  0.58,  Fo.o5(2),  26  40.18,  P  <  0.0001)  from  upstream  to 

downstream  (Figure  2b).  This  positive  relationship  between  species  richness  and  drainage 
area  has  been  shown  for  freshwater  mussels  (Watters  1992)  and  fishes  (Edds  1993). 
Expanding  drainage  areas  offer  decreased  gradients,  more  habitat  complexities,  and 
higher  fish  diversity  to  serve  as  glochidia  hosts  (Vannote  et  al.  1980;  Watters  1992).  No 
evidence  of  freshwater  mussels  was  found  in  the  middle  portions  of  the  basin  and  likely 
is  the  result  of  sub-optimal  habitat  (e.g.,  silt-laden  cobble). 

The  temporal  decline  in  species  richness  in  the  Galena  River  basin  (80%)  is  substantially 
greater  than  other  basins  in  the  Driftless  area  region.  The  Apple  River  basin  (Wisconsin 
and  Illinois)  has  a  16%  (26  extant  species  out  of  31  historic  species)  reduction  in  historic 
species  richness  (Anderson  and  Sietman  2004),  whereas  the  upper  Iowa  and  Turkey  river 
basins  (Iowa)  together  have  a  23%  (10  extant  species  out  of  13  historic  species)  reduction 
(Eckblad  et  al.  2002),  and  the  Menominee,  Little  Menominee,  and  Sinsinawa  river  basins 
(Wisconsin  and  Illinois)  have  a  22%  (7  extant  species  out  of  9  historic  species),  36%  (9 
extant  species  out  of  14  historic  species),  and  33%  (8  extant  species  out  of  12  historic 
species)  reduction,  respectively  (Jeremy  Tiemann,  Illinois  Natural  History  Survey, 
unpubl.  data).  The  Lost  Mound  Unit  of  the  Upper  Mississippi  River  National  Wildlife 
and  Fish  Refuge,  an  area  of  the  Mississippi  River  that  lies  on  the  southern  edge  of  the 
Driftless  area,  has  a  30%  (26  extant  species  out  of  37  historic  species)  reduction  in  his¬ 
toric  species  richness  (Sietman  et  al.  2004).  In  the  Apple,  Menominee,  Little  Menominee, 
and  Sinsinawa  river  basins,  the  majority  (>  80%)  of  live  individuals  and  species  richness 
were  found  within  the  lower  quarter  of  their  respective  basins  (Anderson  and  Sietman 
2004;  Jeremy  Tiemann,  Illinois  Natural  History  Survey,  unpubl.  data),  whereas  in  the 
upper  Iowa  and  Turkey  river  basins,  the  majority  (>  85%)  of  live  individuals  and  species 
richness  were  found  in  the  headwaters  (Eckblad  et  al.  2002).  These  distribution  patterns 
were  attributed  to  the  complexity  and  amount  of  available  habitat  at  a  given  site.  A  simi¬ 
lar  pattern  of  downstream  distribution  was  seen  in  the  Galena  River  for  historic  species 
richness  but  not  extant  species  richness  or  CPUE,  perhaps  because  the  lower  portion  of 
the  river  has  been  dredged  and  now  offers  unsuitable  habitat.  The  amount  of  effort  per 
site  (1-2  person-hours)  in  the  Galena  River  basin  was  the  same  as  in  the  Menominee,  Lit¬ 
tle  Menominee,  and  Sinsinawa  river  basins  (Jeremy  Tiemann,  Illinois  Natural  History 
Survey,  unpubl.  data),  but  was  greater  than  the  25  minutes  per  site  in  the  upper  Iowa  and 
Turkey  river  basins  (Eckblad  et  al.  2002);  the  amount  of  effort  in  the  Apple  River  basin 
varied  from  20-540  minutes  per  site  (Anderson  and  Sietman  2004). 

Habitat  appears  to  be  the  limiting  factor  for  freshwater  mussels  in  the  Driftless  area. 
Mathiak  (1979)  suggested  that  the  Driftless  area  lacks  freshwater  mussels  because  of 
poor  habitat.  Since  the  early  19th  century,  post-settlement  modifications  of  the  natural 
land  cover  have  altered  all  aspects  of  the  hydrologic  landscape  in  the  Galena  River  basin, 
including  floods,  erosion,  transportation  and  deposition  of  sediments,  and  the  morphol¬ 
ogy  of  stream  channels  and  the  associated  floodplains  (Magilligan  1985;  Knox  2001; 
Knox  2006).  Very  little  sand,  gravel,  or  pebble  existed  in  the  Galena  River  basin.  The 
majority  of  the  habitat  in  these  areas  was  silt-laden  cobble  /  boulder  with  patches  of  bare 
bedrock  or  clay  hardpan.  Even  though  freshwater  mussels  can  colonize  bedrock,  it  is  sub- 
optimal  habitat  (Sietman  et  al.  1999).  Silt,  the  number  one  pollutant  of  streams  in  the 
Driftless  area  (Page  et  al.  1992),  has  been  shown  to  decrease  species  richness  of  macroin- 
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vertebrates  (Weigel  2003)  and  fishes  (Wang  et  al.  1997).  Several  anthropogenic  distur¬ 
bances  that  cause  siltation,  including  dredging,  mining,  unrestricted  livestock  access  in 
streams,  and  cutting  of  riparian  areas,  have  occurred  in  the  Galena  River  basin  (Magilli- 
gan  1985;  Knox  2001;  Knox  2006).  These  types  of  disturbances,  along  with  organic  pol¬ 
lution  (e.g.,  effluents  from  sewage  treatment  plants),  have  been  shown  to  alter  stream 
habitat  and  change  freshwater  mussel  assemblages  (e.g.,  Aldridge  2000;  Hoke  1997). 
Unless  mitigated,  these  disturbances  will  continue  to  threaten  the  existing  assemblage  and 
might  prevent  the  expansion  /  recolonization  of  future  species. 

I  recognize  the  limitations  of  this  study  (e.g.,  limited  number  of  sites  and  limited  sam¬ 
pling  effort).  Additional  surveys  could  be  done  to  further  explore  the  freshwater  mussel 
assemblage  in  the  Galena  River  basin  by  adding  more  sites  (e.g.,  pools)  and  incorporating 
other  methods  (e.g.,  quadrat  searches).  Nevertheless,  the  reduction  in  freshwater  mussel 
species  richness  in  the  Galena  River  basin  is  a  cause  of  concern.  The  apparent  80%  loss 
of  a  taxonomic  group  in  a  basin  could  result  in  the  loss  of  valuable  genetic  diversity. 
Imlay  (1973)  suggested  that  the  Driftless  area  be  protected  as  a  possible  “seed  area”  for 
the  redistribution  of  species.  An  active,  positive  partnership  between  natural  resource 
agencies  and  landowners  to  promote  sound  management  practices  should  aid  in  the  pres¬ 
ervation  and  restoration  of  this  unique  area. 
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Table  1.  Freshwater  mussels  collected  during  the  2005-2006  survey  of  the  Galena  River 
basin,  Wisconsin  and  Illinois.  See  appendices  for  site-specific  data.  Numbers 
within  a  given  species  row  represent  the  number  of  individuals  that  species  was 
collected  alive,  D  indicates  those  species  collected  only  as  fresh  dead  specimens, 
R  signifies  those  species  collected  only  as  relict  specimens,  and  *  indicates  those 
species  not  found  during  survey  but  an  INHS  Mollusk  Collection  record  exits 
for  the  basin.  =  Wisconsin  state-threatened  and  =  Illinois  state-threat¬ 
ened. 


Sub-family 

Scientific  name 

Common  name 

Status 

Anodontinae 

Alasmidonta  viridis 

Slippershell  mussel 

R 

Anodontoides  ferussacianus 

Cylindrical  papershell 

D 

Lasmigona  complanata 

White  heelsplitter 

5 

Lasmigona  compressa 

Creek  heelsplitter 

3 

Lasmigona  costata 

Flutedshell 

R 

Pyganodon  grandis 

Giant  floater 

12 

Strophitus  undulatus 

Creeper 

R 

Utterbackia  imbecillis 

Paper  pondshell 

D 

Ambleminae 

Amblema  plicata 

Threeridge 

R 

Elliptio  dilatata 

Spike 

R 

Fusconaia  flava 

Wabash  pigtoe 

R 

Quadrula  nodulata 

Wartyback 

R 

Quadrula  pustulosa 

Pimpleback 

R 

Quadrula  quadrula 

Mapleleaf 

R 

Tritogonia  verrucosa"^'^^ 

Pistolgrip 

R 

Lampsilinae 

Lampsilis  cardium 

Plain  pocketbook 

5 

Lampsilis  siliquoidea 

Fatmucket 

* 

Leptodea  fragilis 

Fragile  papershell 

D 

Obliquaria  reflexa 

Threehom  wartyback 

D 

Potamilus  alatus 

Pink  heelsplitter 

R 

Potamilus  ohiensis 

Pink  papershell 

R 

Toxolasma  parvus 

Lilliput 

2 

Truncilla  donaciformis 

Fawnsfoot 

R 

Truncilla  truncata 

Deertoe 

R 

Venustaconcha  ellipsiformis 

Ellipse 

R 
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Figure  1.  Map  of  the  Galena  River  basin  and  sampling  sites,  Wisconsin  and  Illinois. 
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Figure  2.  (a)  Freshwater  mussel  CPUE  (r^  =  0.06,  Fo.o5(2),  26  =  1-53,  P  =  0.23)  and  (b) 
extant  species  richness  (r“  =  0.21,  ^0.05(2),  26  =  6.97,  P  =  0.02)  (left  y-axis;  cir- 
cles  with  solid  line)  and  historic  species  richness  (r  =  0.  58,  Fo.o5(2),  26  =  40.18, 
P  <  0.0001)  (right  y-axis;  triangles  with  dashed  line)  compared  drainage  area  in 
the  Galena  River  basin,  Wisconsin  and  Illinois. 
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Appendix  1 

Collecting  locations  for  the  2005-2006  freshwater  mussel  survey  of  the  Galena  River 
basin,  Wisconsin  and  Illinois.  FWM  is  freshwater  mussel  material  collected  at  that  site.  L 
is  number  of  species  collected  alive  and  V  is  number  of  species  collected  only  as  valves. 


SiteState:  County 

Stream 

Common  location 

Latitude,  Longitude 

FWM 

01  WI:  Lafayette 

Galena  River 

4.0  mi  NNE  Cuba  City 

42.6673,-90.4134 

02 

Galena  River 

3.0  mi  NE  Cuba  City 

42.6405,-90.3969 

03 

Galena  River 

0.5  mi  SE  Jenkynsville 

42.6308,-90.3621 

L(2) 

04 

Galena  River 

3.0  mi  E  Cuba  City 

40.6092,-90.3602 

05 

Galena  River 

1 .5  mi  E  Benton 

42.5714,-90.3639 

L(2), 

V(3) 

06 

Galena  River 

2.5  SE  Benton 

42.5529,  -90.3537 

L(2), 

V(5) 

07 

Galena  River 

3.0  mi  SSE  Benton 

42.5428,-90.3578 

L(3), 

V(3) 

08 

Galena  River 

2.5  mi  ESE  Hazel  Green 

42.5161,-90.3931 

09 

Pats  Creek 

4.0  mi  NE  Cuba  City 

42.6528,-90.3836 

L(l) 

10 

Madden  Branch 

1.0  mi  ESE  Jenkynsville 

42.6311,-90.3552 

11 

Shullburg  Branch 

2.5  mi  E  Benton 

42.5659,  -90.3277 

V(l) 

12 

Ellis  Branch 

3.0  mi  SE  Benton 

42.5473,-90.3395 

V(l) 

13 

Kelsey  Branch 

4.0  mi  ESE  Hazel  Green 

42.5108,-90.3575 

14 

Coon  Branch 

2.5  mi  ESE  Hazel  Green 

42.5136,-90.3781 

V(l) 

15 

Bull  Branch 

2.0  mi  SE  Hazel  Green 

42.5146,-90.3965 

L(l) 

16 

Scrabble  Branch 

2.0  mi  SE  Hazel  Green 

42.5136,-90.3978 

17  IL:  Jo  Daviess 

Galena  River 

5 .0  mi  N  Galena 

42.4947,-90.3947 

18 

Galena  River 

4.0  mi  N  Galena 

42.4768,-90.4066 

V(3) 

19 

Galena  River 

3 .0  mi  NE  Galena 

42.4511,-90.3879 

L(3), 

V(8) 

20 

Galena  River 

1 .0  mi  NE  Galena 

42.4285,-90.4017 

L(3), 

V(3) 

21 

Galena  River 

Galena 

42.4163,-90.4237 

V(6) 

22 

Galena  River 

1 .5  mi  S  Galena 

42.4012,-90.4366 

V(6) 

23 

Galena  River 

4.0  mi  S  Galena 

42.3757,-90.4455 

V(ll) 

24 

East  Fork  Galena 

River 

2.5  mi  WNW  Scales 

Mound 

42.4901,-90.2991 

25 

East  Fork  Galena 

River 

4.0  mi  W  Scales  Mound 

42.4748,-90.3187 

L(l) 

26 

East  Fork  Galena 

River 

5 .0  mi  NE  Galena 

42.4665,-90.3483 

V(4) 

27 

East  Fork  Galena 

River 

3 .5  mi  NE  Galena 

42.4536,  -90.3779 

V(2) 

28 

Hughlett  Branch 

1 .0  mi  N  Galena 

42.4367,-90.4237 
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ABSTRACT 

The  green  tree  frog  {Hyla  cinerea)  is  reported  from  Stump  Lake  in  Jersey  County,  Illi¬ 
nois,  110  km  north  of  the  previous  northernmost  record  in  Illinois.  Comparing  range 
maps  from  two  studies  of  Illinois  herpetology  published  almost  40  years  apart  tested  the 
hypothesis  that  herpetological  range  expansions  in  Illinois  are  primarily  northward. 
Thirteen  species  were  found  that  had  new  records  primarily  to  the  north  and  six  with  new 
records  primarily  to  the  south  supporting  the  hypothesis.  Four  of  the  six  latter  species  are 
prairie  specialists  that  could  also  be  expected  to  benefit  from  warmer,  drier  conditions 
further  strengthening  the  suggestion  that  climatic  change  may  have  influenced  herpeto¬ 
logical  distributions  in  Illinois. 


INTRODUCTION 

The  green  tree  frog  {Hyla  cinerea)  is  widely  distributed  in  the  southern  United  States 
(Conant  and  Collins,  1991),  but  in  the  central  United  States,  it  reaches  the  northern  limit 
of  its  range  in  Illinois  (Smith,  1961;  Phillips  et  al.,  1999).  Recently,  we  discovered  a  large 
population  of  this  frog  at  Stump  Lake,  a  backwater  of  the  Illinois  River,  in  Jersey  County, 
Illinois  (Tucker  et  al.,  2006),  about  110  km  north  of  the  previous  northernmost  record  in 
Clinton  County,  Illinois  (Phillips  et  al.,  1999).  This  and  other  unspecified  populations  of 
the  green  tree  frog  could  be  introduced  as  the  species  is  widely  sold  in  the  pet  trade 
(Phillips  et  al.,  1999).  Moreover,  tadpoles  may  occur  in  fish  stockings  (Phillips,  pers. 
comm.).  The  origin  of  this  newly  discovered  population  is  not  important.  Instead,  persis¬ 
tence  and  establishment  of  a  large  population  of  such  a  southern  species  relatively  far 
from  its  usual  range  in  the  context  of  climatic  change  is  important.  Changes  in  distribu¬ 
tions  in  response  to  climatic  change  have  received  much  attention  on  a  theoretical  level 
(e.g.  Huntley  et  al.,  2004;  Kiritani,  2006)  and  from  a  practical  standpoint  (e.g.  Battisti  et 
al.,  2005;  La Val,  2004). 
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Climatic  change  is  occurring  in  Illinois.  Angel  (2004)  reported  a  1.2®C  per  decade 
increase  in  average  February  temperatures  over  a  thirty-year  period  between  1971  and 
2002.  Such  climatic  warming  may  have  contributed  to  more  frequent  passages  of  tropical 
systems  over  Illinois  (Angel,  2006).  Avian  migrations  in  east-central  Illinois  may  also 
reflect  changing  climatic  conditions  (Barrie  Hunt,  2006).  Such  climatic  changes  make 
predictions  of  crop  yields  difficult  (Changnon  and  Hollinger,  2003)  and  complicate  mod¬ 
eling  of  fish  communities  in  Illinois  (Herricks  and  Bergner,  2003).  Thus,  it  is  reasonable 
to  examine  changes  in  distributional  patterns  in  Illinois'  reptile  and  amphibian  popula¬ 
tions. 

Our  discovery  of  this  population  so  far  north  of  the  former  range  of  the  species  suggested 
an  obvious  hypothesis  about  the  distribution  of  other  reptiles  and  amphibians  in  Illinois. 
Given  a  scenario  of  climatic  warming,  northerly  range  expansions  should  be  more 
prevalent  than  southerly  ones.  In  this  paper  we  examine  the  evidence  for  such  trends  in 
distributions  of  Illinois  reptiles  and  amphibians. 

Illinois  is  uniquely  suited  to  provide  a  test  of  this  question.  First,  the  state  is  615  km  long 
from  north  to  south  and  bisects  most  of  the  biotic  provinces  found  in  the  mid-continent 
(Smith,  1961).  More  importantly,  two  comprehensive  studies  of  Illinois  herpetology  have 
been  published  (i.e..  Smith,  1961;  Phillips  et  al.,  1999)  both  of  which  contain  detailed 
range  maps  based  on  voucher  specimens.  Consequently,  changes  in  ranges  for  most  of 
the  species  occurring  in  the  state  can  be  identified  from  a  nearly  40-year  time  span.  In 
this  paper  we  test  the  hypothesis  that  herpetological  range  expansions  in  Illinois  are  pri¬ 
marily  northward  in  possible  response  to  climatic  changes. 

METHODS  AND  MATERIALS 

Range  maps  for  each  species  were  compared  between  Smith  (1961)  and  Phillips  et  al. 
(1999).  For  each  species,  new  distributional  records  in  Phillips  et  al.  (1999)  were  scored 
as  primarily  southern,  primarily  northern,  or  neutral  based  on  Smith  (1961).  Neutral  dis¬ 
tributions  include  those  species  with  records  about  evenly  distributed  between  the  north¬ 
ern  and  southern  halves  of  the  state.  Most  of  these  species  occur  in  nearly  every  county  in 
Illinois.  Distributions  considered  primarily  southern  have  the  bulk  of  the  locality  records 
in  the  southern  half  of  the  state,  whereas  those  considered  primarily  northern  have  most 
of  the  records  in  the  northern  half  of  the  state.  In  some  instances,  nomenclature  changes 
complicated  comparisons  (e.g.  Rana  pipiens  complex).  In  those  few  instances,  compari¬ 
sons  could  not  be  made.  We  also  considered  new  records  not  included  in  Phillips  et  al. 
(1999),  which  are  cited  herein.  We  used  a  chi-square  test  to  compare  the  number  of 
northward  versus  southward  range  changes.  A  one-tailed  test  was  used  because  the 
hypothesis  is  that  there  would  be  more  northerly  range  changes  than  southerly  ones,  not 
that  there  would  be  absolute  differences  in  numbers  of  changes. 

We  used  climatic  data  for  Illinois  from  the  web  site  of  the  Illinois  climatologist  (Illinois 
State  Water  Survey,  2006).  We  used  average  annual  temperatures  for  the  monitoring  sta¬ 
tion  in  Jersey ville,  Jersey  County  to  illustrate  climatic  trends.  Jersey  County  is  located  in 
west-central  Illinois  and  its  climate  is  reasonably  representative  for  all  of  Illinois.  Trends 
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in  climatic  data  were  determined  using  regression  analysis.  All  statistics  were  performed 
using  SAS  for  Windows  (SAS,  2000). 


RESULTS 

The  population  of  green  tree  frogs  is  at  GPS  coordinates:  N  0711520  and  W  4318112, 
zone  15  using  NAD27  CONUS  map  datum  in  UTM's,  which  is  in  lower  Stump  Lake, 
Jersey  County,  Illinois.  We  collected  more  than  30  males,  many  of  which  were  calling 
from  stems  of  rough  cocklebur  (Xanthium  strumariiim) .  Seven  individuals  were  deposited 
in  the  collections  of  the  Illinois  Natural  History  Survey  (INKS  20652-20658).  At  the 
voucher  location  numerous  other  males  were  calling.  Moreover,  we  heard  further  large 
choruses  in  upper  Stump  Lake  and  in  other  portions  of  lower  Stump  Lake.  Consequently, 
the  species  is  represented  by  many  thousands  of  individuals.  Reproduction  was  confirmed 
because  tadpoles  were  dip  netted  on  10  July  2006.  Transforming  froglets  were  observed 
on  20  July  2006. 

We  scored  range  maps  for  a  total  of  102  species  of  reptiles  and  amphibians.  Of  these,  83 
were  scored  as  neutral.  In  contrast,  13  were  scored  as  new  records  primarily  northward 
and  six  as  new  records  primarily  southward  (Table  1).  These  differ  significantly  (chi- 
square  =  2.59,  p  =  0.0456).  Although  the  statistical  significance  is  marginal,  the  result 
does  support  the  hypothesis  that  new  records  of  reptiles  and  amphibians  in  Illinois  have 
been  primarily  northward  rather  than  southward. 

Climatic  data  suggest  that  average  annual  temperatures  have  varied  considerably  in  Jer¬ 
sey  County  with  no  clear  trend  between  1960  and  2005  (Fig.  1).  However,  average 
annual  temperatures  have  increased  significantly  between  1992  and  2005  (Fig.  2).  We 
selected  this  period  for  regression  analysis.  The  regression  analysis  was  significant  for 
the  Jersey ville  station  (slope  =  0.12  degrees  C  per  year,  =  0.39, />  =  0.01). 

DISCUSSION 

Our  research  provides  preliminary  evidence  that  herpetological  distributions  in  Illinois 
are  more  likely  to  extend  northward  than  southward.  This  is  consistent  with  theoretical 
models  incorporating  climatic  warming  (Huntley  et  al.,  2004;  Salinger,  2005).  We  do  not 
mean  to  imply  that  newly  reported  records  represent  a  relentless  march  north  by  these 
animals.  More  likely,  these  populations  could  have  been  present  when  Smith  prepared  his 
herpetology.  However,  climatic  change  may  have  allowed  them  to  reach  and  maintain 
detectable  levels,  which  has  happened  for  butterflies  (Crozier,  2004).  Such  changes  have 
not  been  previously  noted  for  Illinois  reptiles  and  amphibians.  Nonetheless,  climatic 
warming  has  been  shown  to  have  profound  effects  on  reptiles  and  amphibians  from  other 
locations  (Brown  and  Shine,  2007;  Haenel,  2007;  Wake,  2007). 

These  comments  do  not  apply  to  two  of  the  records  that  we  used.  The  record  for  the  pal¬ 
lid  softshell  turtle  {Apalone  spinifera  pallida)  and  the  discovery  of  the  green  tree  frog 
populations  could  be  due  to  human  intervention  (Phillips  et  al.,  1999).  In  the  case  of  the 
turtle,  the  single  adult  male  collected  appears  to  be  a  waif,  i.e.,  a  lone  individual.  None¬ 
theless,  it  survived  in  this  northern  area  about  800  km  north  of  its  usual  range  long 
enough  to  be  discovered  by  us.  Moreover,  being  an  adult  male  in  a  large  population  of 
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spiny  softshell  turtles  (Apalone  spinifera  spinifera),  it  may  have  made  a  genetic  contribu¬ 
tion  to  the  local  Illinois  population  (Lamer  et  al.,  2006). 

The  green  tree  frog  populations  have  obviously  been  at  Stump  Lake  for  an  extended 
period  of  time  considering  the  huge  numbers  of  frogs  that  are  present.  However,  it  likely 
postdates  the  record  flooding  along  the  Mississippi  and  Illinois  Rivers  in  1993.  This  event 
had  important  effects  on  anurans  in  river  backwaters  in  this  region  (Tucker  et  al.,  2001a). 
Certainly,  the  species  was  not  heard  during  calling  surveys  conducted  in  the  region 
between  1994  and  1996  (Tucker  et  al.,  2001a).  Although  possibly  introduced,  the  species 
has  been  able  to  establish  a  large  population  in  Stump  Lake.  Walker  et  al.  (2006)  sug¬ 
gested  that  range  expansions  for  this  species  in  Indiana  were  natural.  However,  there 
were  nearby  source  populations  in  Kentucky.  In  the  instance  we  report  for  Jersey  County, 
Illinois,  there  are  no  nearby  populations  known. 

Our  comparison  of  north  versus  south  range  changes  somewhat  under-emphasizes  the 
changes  over  the  last  40  years.  Four  of  the  six  species  with  new  records  primarily  to  the 
south  are  prairie  specialists  (Smith,  1961;  Phillips  et  al.,  1999;  Table  1).  These  species 
may  actually  benefit  from  climatic  warming.  Climatic  warming  may  emulate  the  glacial 
hypothermic  periods,  which  are  thought  to  have  allowed  the  prairie  peninsula  to  expand 
in  Illinois  (Schmidt,  1938;  Smith,  1957  and  1961).  Certainly  prairies  are  not  expanding  in 
Illinois  but  warmer,  drier  summers  may  allow  outlier  populations  in  remnant  prairies  to 
reach  detectable  levels. 

We  note  that  we  selected  a  single  station  out  of  more  than  110  monitored  in  Illinois  to  act 
as  a  model  for  Illinois  climate  change.  Other  stations  may  not  show  the  same  degree  or 
direction  of  change  especially  given  that  any  regression  would  be  based  on  only  14  data 
points.  However,  the  slope  for  Jersey  County  (0.12  degrees  C  increase  per  year)  is  identi¬ 
cal  to  the  slope  reported  for  Illinois  as  a  whole  by  Angel  (2004)  of  1 .2  degrees  C  increase 
per  decade  between  1970  and  1987. 

In  Illinois,  climatic  warming  has  had  at  most  a  minor  effect  on  distributions  of  reptiles 
and  amphibians.  However,  these  effects  do  seem  to  be  occurring  and  have  reached  levels 
that  are  detectable.  Similar  changes  may  also  be  occurring  in  fish  distributions  (Tucker, 
1993).  Moreover,  as  southern  species  continue  to  be  afforded  opportunities  by  human 
transport  and  other  means  to  reach  northern  regions,  further  dramatic  changes  in  distribu¬ 
tions  can  be  expected. 


ACKNOWLEDGEMENTS 

This  is  contribution  number  21  of  the  National  Great  Rivers  Research  and  Education 
Center.  Collecting  was  done  under  Illinois  Department  of  Natural  Resources  scientific 
permit  authorization  to  Tucker.  Neil  Booth  and  Kim  Postlewait  (Illinois  Department  of 
Natural  Resources)  at  the  Mississippi  River  State  Fish  and  Wildlife  Area  in  Rosedale, 
Illinois  allowed  access  to  Stump  Lake.  We  thank  Emily  Dustman  for  help  in  sampling 
tadpoles  at  Stump  Lake. 


129 


LITERATURE  CITED 

Angel,  J.  R.  2004.  Temperature  variability  in  Illinois:  1895-2002.  Transactions  of  the  Illinois  State 
Academy  of  Sciences  97:103-1 16. 

Angel,  J.  R.  2006.  Tropical  storms  reduce  drought  in  Illinois  in  2005.  Transactions  of  the  Illinois 
State  Academy  of  Sciences  99:111-124. 

Barrie  Hunt,  L.  2006.  Avian  spring  arrival  differences  in  east-central  Illinois,  1903-1922  and  1965- 
1987.  Transactions  of  the  Illinois  State  Academy  of  Sciences  99:135-144. 

Battisti,  A.,  M.  Stastny,  and  S.  Netherer.  2005.  Expansion  of  geographic  range  in  the  pine  proces¬ 
sionary  moth  caused  by  increased  winter  temperatures.  Ecological  Applications  15:2084-2096. 

Brown,  G.  P.,  and  R.  Shine.  2007.  Rain,  prey  and  predators:  climatically  driven  shifts  in  frog  abun¬ 
dance  modify  reproductive  allometry  in  a  tropical  snake.  Oecologica  154:361-368. 

Changnon,  S.  A.,  and  S.  E.  Hollinger.  2003.  Problems  in  estimating  impacts  of  future  climate 
change  on  midwestem  com  yields.  Climatic  Change  58:109-1 18. 

Conant,  R.,  and  J.  T.  Collins.  1991.  A  field  guide  to  reptiles  and  amphibians  of  eastern  and  central 
North  America.  Third  edition.  Haughton  Mifflin  Co.,  Boston  and  New  York,  xx  +  450  pp. 

Crozier,  L.  2004.  Warmer  temperatures  drive  butterfly  range  expansion  by  increasing  survivorship. 
Ecology  85:231-241. 

Haenel,  G.  J.  2007.  Phylogeography  of  the  tree  lizard,  Urosaurus  ornatus:  responses  of  populations 
to  past  climate  change.  Molecular  Ecology  16:4321-4334. 

Herricks,  E.  E.,  and  E.  R.  Bergner.  2003.  Prediction  of  climate  change  effects  on  fish  communities 
in  the  Makinaw  River  watershed,  Illinois,  USA.  Water  Science  and  Technology  48:199-207. 

Huntley,  B.,  R.  E.  Green,  Y.  C.  Collingham,  J.  K.  Hill,  S.  G.  Willis,  and  P.  J.  Bartlein.  2004.  The 
performance  of  models  relating  species  geographical  distributions  to  climate  is  independent  of 
trophic  level.  Ecological  Letters  7:417-426. 

Illinois  State  Water  Survey.  2006.  Illinois  State  Climatologist  Data  [on  line].  Illinois  State  Water 
Survey,  Champaign,  Illinois.  Available  from  http://www.sws.uiuc.edu/data/climatedb/. 

Kiritani,  K.  2006.  Predicting  impacts  of  global  warming  on  population  dynamics  and  distribution  of 
arthropods  in  Japan.  Population  Ecology  48:5-12. 

LaVal,  R.  K.  2004.  Impact  of  global  warming  and  locally  changing  climate  on  tropical  cloud  forest 
bats.  Journal  of  Mammalogy  85:237-244. 

Lamer,  J.  T.,  J.  K.  Tucker,  and  C.  R.  Dolan.  2006.  Distributional  note:  Apalone  spinifera  pallida. 
Herpetological  Review  37:239. 

Phillips,  C.  A.,  R.  A.  Brandon,  and  E.  O.  Moll.  1999.  Field  guide  to  amphibians  and  reptiles  of 
Illinois.  Illinois  Natural  History  Survey  Manual  8:xv,  1-282. 

Salinger,  M.  J.  2005.  Climate  variability  and  change:  past,  present  and  future  -  an  overview.  Cli¬ 
matic  Change  70:9-29. 

SAS  Institute.  2000.  SAS  for  windows.  SAS  Institute,  Cary,  North  Carolina. 

Schmidt,  K.  P.  1938.  Herpetological  evidence  for  the  postglacial  eastward  expansion  of  the  steppe 
in  North  America.  Ecology  19:396-407. 

Smith,  P.  W.  1957.  An  analysis  of  post-Wisconsin  biogeography  of  the  Prairie  Peninsula  region 
based  on  distributional  phenomena  among  terrestrial  vertebrate  populations.  Ecology  38:205- 
218. 

Smith,  P.  W.  1961.  The  amphibians  and  reptiles  of  Illinois.  Illinois  Natural  History  Survey  Bulletin 
28:1-298. 

Tucker,  J.  K.  1993.  Check  list  of  the  fresh  water  fishes  of  the  Little  Wabash  River  drainage  in 
Effingham  County  and  comments  on  possible  changes  in  faunal  composition.  Transactions  of  the 
Illinois  State  Academy  of  Sciences  87:99-109. 

Tucker,  J.  K.,  J.  T.  Lamer,  and  C.  R.  Dolan.  2006.  Distributional  note:  Hyla  cinerea.  Herpetological 
Review  37:488. 

Tucker,  J.  K.,  G.  L.  Paukstis,  and  C.  H.  Theiling.  2001a.  Anuran  response  to  catastrophic  flooding. 
Herpetological  Natural  History  8:83-86. 

Tucker,  J.  K.,  E.  Ratcliff,  E.  J.  Gittinger,  and  J.  B.  Towey.  2001b.  Distributional  note:  Pseudemys 
concinna.  Herpetological  Review  32:117. 

Wake,  D.  B.  2007.  Climate  change  implicated  in  amphibian  and  lizard  declines.  Proceedings  of  the 
National  Academy  of  Sciences  104:8201-8202. 

Walker,  Z.,  N.  Engbrecht,  and  R.  Schmitt.  2006.  Distributional  note:  Hyla  cineria.  Herpetological 
Review  37:100. 


130 


Table  1.  Reptiles  and  amphibians  that  have  more  southerly  or  more  northerly  known 
distributions  in  Phillips  et  al.  (1999)  compared  to  range  maps  in  Smith  (1961). 


Taxon  (common  name) 


Ambystoma  texanum  (smallmouth  salamander) 

A.  opacum  (marbled  salamander) 

Siren  intermedia  (lesser  siren) 

Hyla  cinerea  (green  tree  frog) 

Scaphiopus  holbrookii  (eastern  spadefoot) 
Apalone  spinifera  pallida  (pallid  spiny  softshell)* 
Pseudemys  concinna  (river  cooler)** 

Terrapene  Carolina  (eastern  box  turtle) 

Scincella  lateralis  (ground  skink) 

Lampropeltis  calligaster  (prairie  kingsnake) 

L.  getula  (common  kingsnake) 

Nerodia  rhombifer  (diamondback  water  snake) 
Virginia  valeriae  (smooth  earth  snake) 
Hemidactylium  scutatum  (four-toed  salamander) 
Ambystoma  laterale  (blue-spotted  salamander) 
Pseudacris  illinoensis  (Illinois  chorus  frog)*** 
Heterodon  nasicus  (western  hognose  snake)*** 
Thamnophis  radix  (plains  garter  snake)*** 
Clonophis  kirtlandii  (Kirtland's  snake)  *** 


Change 

Northerly 

Northerly 

Northerly 

Northerly 

Northerly 

Northerly 

Northerly 

Northerly 

Northerly 

Northerly 

Northerly 

Northerly 

Northerly 

Southerly 

Southerly 

Southerly 

Southerly 

Southerly 

Southerly 


*  reported  by  Lamer  et  al.,  2006 

**  northernmost  record  reported  by  Tucker  et  al.  (2001b)  from  the  Mississippi  River  in  St.  Char¬ 
les  County  Missouri 

***  prairie-peninsula  species;  common  names  follow  Phillips  et  al.  (1999)  where  possible 
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Figure  1.  Average  annual  temperatures  measured  at  the  monitoring  station  in  Jerseyville, 
Jersey  County,  Illinois  between  1960  and  2005,  which  covers  the  time  span 
from  publication  of  Smith's  and  Phillips  et  al.'s  studies  of  Illinois  herpetology. 
The  regression  between  year  and  average  annual  temperature  is  not  significant 
(R^  =  0.02,/7>0.05). 


Figure  2.  Recent  trends  in  average  annual  temperatures  at  the  monitoring  station  in  Jer¬ 
seyville,  Jersey  County,  Illinois  for  the  years  between  1992  and  2005.  The 
regression  is  significant  (slope  =  0.12  degrees  C  per  year,  R^  =  0.39,/?  =  0.01). 
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Quercus  alba  (white  oak),  a  dominant  tree  of  mesic  and  wet-mesic  forestt  _ 

uncommon  in  the  Illinois  River  sand  deposits.  In  White  Oak  Creek  Woods  Natural  Area 
in  Mason  County,  Q.  alba  was  the  dominant  overstory  species.  In  this  small  woods  10 
tree  species  were  encountered  with  a  density  of  180.4  stems/ha  and  an  average  basal  area 
of  28.715  m%a.  Located  on  an  upland  terrace  of  the  Illinois  River,  Q.  alba  dominated 
the  overstory  and  accounted  for  more  than  70%  of  the  importance  value.  Quercus 
velutina  (black  oak),  Prunus  serotina  (wild  black  cherry),  and  Sassafras  albidum  (sassa¬ 
fras)  followed  in  IV  and  accounted  for  most  of  the  remaining  stems.  No  oak  saplings 
were  present  in  the  natural  area,  probably  the  result  of  a  closed  canopy  due  to  fire  sup¬ 
pression. 


Key  words:  degraded  savanna,  forest  survey,  Illinois  River  sand  deposits 


INTRODUCTION 

Quercus  alba  L.  (white  oak),  an  important  forest  tree  throughout  the  eastern  United 
States,  is  common  from  Maine  to  Michigan  and  Minnesota  south  to  eastern  Texas  and 
northern  Florida  (Gleason  and  Cronquist  1991).  This  species  is  a  leading  dominant  of 
mesic  and  wet-mesic  forests,  woodlands,  and  savannas  throughout  the  northern  half  of  its 
range.  In  these  communities  Q.  alba  is  commonly  associated  with  Q.  velutina  Lam. 
(black  oak),  Q.  rubra  L.  (red  oak),  and  various  species  of  Cary  a  (hickories)  (Braun  1950, 
Ebinger  1997,  Tyrrell  et  al.  1998). 

Quercus  alba  is  well  adapted  to  mesic  habitats  in  Illinois;  occurring  in  upland  forests, 
open  woodlands,  savannas,  prairie  groves,  and  scattered  trees  associated  with  mesic  prai¬ 
ries.  Known  from  all  Natural  Divisions  in  Illinois,  it  is  commonly  listed  as  a  component 
of  many  plant  communities  (Schwegman  1973,  Mohlenbrock  and  Ladd  1978,  White  and 
Madany  1978).  It  is,  however,  not  a  very  common  component  of  sand  area  communities. 
Sand  deposits  account  for  nearly  5%  of  the  land  surface  of  Illinois  and  generally  occur  on 
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glacial  outwash  plains  associated  with  erosional  events  of  Wisconsian  glaciation  in  the 
northern  half  of  the  state  (Schwegman  1973,  Willman  and  Frye  1970,  King  1981.) 

Of  the  large  sand  deposits  within  Illinois,  only  the  Kankakee  Sand  Area  Section  of  the 
Grand  Prairie  Natural  Division  has  communities  in  which  Quercus  alba  is  common 
(Schwegman  1973).  Quercus  alba  is  rare  in  the  Illinois  River  Section  of  the  Mississippi 
River  and  Illinois  Rivers  Sand  Areas  Natural  Division.  During  an  extended  study  of  all 
dedicated  nature  preserves,  Q.  alba  was  not  encountered.  The  authors  know  of  only  one 
forest  community  in  the  Mason  County  sand  deposits  in  which  Q.  alba  is  a  common 
overstory  component.  The  purpose  of  this  study  was  to  determine  the  composition  and 
structure  of  the  overstory  in  this  Q.  alba  dominated  sand  forest  and  compare  the  results 
with  other  sand  forests  in  Illinois. 

MATERIALS  AND  METHODS 


Study  Site 

White  Oak  Creek  Woods  Natural  Area  is  located  in  Mason  County  about  6  km  south  of 
Havana,  Illinois  (SEl/4  NWl/4  S23  T21N  R9W).  This  site,  about  2  ha  in  size,  is  located 
on  a  sandy  upland  terrace  about  500  m  west  of  the  Illinois  River  immediately  south  of 
White  Oak  Creek.  The  soils  are  excessively  drained  Plainfield  sand  (Calsyn  1995),  part 
of  the  dune  and  swale  topography  known  as  the  Parkland  Formation  (Willman  and  Frye 
1970). 

Very  little  is  known  about  the  history  of  this  small  tract  of  timber.  This  area,  as  well  as 
the  land  north  of  White  Oak  Creek,  was  designated  a  good  quality  dry  sand  forest  by  the 
Illinois  Natural  Areas  Inventory  (White  1978).  Most  trees  of  Quercus  alba  were  selec¬ 
tively  logged  in  the  area  north  of  White  Oak  Creek  in  1980  (Lerczak  2000).  Registered  as 
an  Illinois  Natural  Heritage  Landmark  since  1983,  this  dry  mesic  sand  forest  is  now  des¬ 
ignated  as  the  Speckman-Stelter  Woods  Land  and  Water  Reserve  by  the  Illinois  Nature 
Preserves  Commission  (Lerczak  2000). 

The  climate  of  central  Illinois  is  continental  and  characterized  by  hot,  humid  summers 
and  cold  winters.  Mean  annual  precipitation  is  98.0  cm  with  May  having  the  highest 
rainfall  (1 1.3  cm).  Mean  annual  temperature  is  10.8°C  with  the  hottest  month  being  July 
(average  of  24.6°C),  and  the  coldest  January  (average  of  -5.0°C).  Frost-free  days  range 
from  140  to  206,  with  the  average  being  173  days  (Havana,  Illinois;  Midwestern 
Regional  Climate  Center.  2007). 

Data  Collection  and  Analysis 

During  late  summer  of  2004,  a  75  m  by  125  m  section  of  the  2  ha  natural  area  was  sur¬ 
veyed  by  dividing  the  area  into  15  contiguous  plots  25  m  on  a  side.  All  living  and  dead¬ 
standing  woody  individuals  <10.0  cm  dbh  were  identified  and  their  diameters  recorded. 
From  these  data,  living-stem  density  (stems/ha),  basal  area  (mVha),  relative  density,  rela¬ 
tive  dominance,  importance  value  (IV),  and  average  diameter  (cm)  were  calculated  for 
each  species.  Determination  of  the  IV  follows  the  procedure  used  by  McIntosh  (1957), 
and  is  the  sum  of  the  relative  density  and  relative  dominance  (basal  area).  Dead-standing 
density  (stems/ha)  and  basal  area  (mVha)  were  also  determined. 
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Woody  understory  composition  and  density  (stems/ha)  were  determined  using  nested 
circular  plots  0.0001 , 0.001 ,  and  0.01  ha  in  size  located  at  about  15  m  intervals  along  line 
transects  within  the  study  area  (n=20).  Four  additional  0.0001  ha  circular  plots  were 
located  7  m  from  the  center  point  of  each  of  the  20  plot  centers  along  cardinal  compass 
directions  (100  plots).  In  the  0.0001  ha  plots  woody  seedlings  (<50  cm  tall)  were 
counted;  in  the  0.001  ha  circular  plots  small  saplings  (>50  cm  tall  and  <2.5  cm  dbh)  were 
calculated;  and  in  the  0.01  ha  circular  plots  large  saplings  (2.5-<10.0  cm  dbh)  were  tal¬ 
lied. 


RESULTS 

Ten  tree  species  were  encountered  forming  an  overstory  with  an  average  of  180.4 
stems/ha  and  an  average  basal  area  of  28.715  m^/ha  (Table  1).  Quercus  alba  dominated 
the  larger  diameter  classes  with  an  IV  of  144.2  (200  possible),  and  an  average  diameter  of 
53.4  cm.  The  larger  individuals  of  Q.  alba  had  an  open-grown  form  with  large  branches 
or  branch  scars  within  4  m  of  the  ground.  Black  oak,  also  restricted  to  the  larger  diameter 
classes,  was  second  in  IV  (12.7)  and  had  an  average  diameter  of  71 .3  cm.  The  remaining 
tree  species  were  mostly  in  the  10-29  cm  diameter  classes.  Dead-standing  oaks  averaged 
1 1 .7  stems/ha  with  an  average  basal  area  of  2.641  m^a. 

The  woody  understory  was  sparse,  being  very  open  in  most  parts  of  the  woods.  The  den¬ 
sity  of  tree  seedlings,  shrubs  and  woody  vines  was  high,  totaling  19,000  individuals/ha, 
small  saplings  averaged  2,250  stems/ha,  and  large  saplings  totaled  1,370  stems/ha  (Table 
2).  Sassafras  albidum  (Nutt.)  Nees  (sassafras)  dominated  the  seedling  and  sapling  cate¬ 
gories  with  4300  seedlings/ha,  1600  small  saplings/ha,  and  545  large  saplings/ha.  Oak 
seedlings  were  fairly  common,  but  no  oak  saplings  were  present. 

DISCUSSION 

The  forests  of  the  Speckman-Stelter  Woods  Land  and  Water  Reserve  and  surrounding 
land  differ  today  compared  to  early  settlement  times.  According  to  Lerczak  (2000),  Ms. 
Stelter,  the  present  owner  of  the  property,  recalled  her  great  grandfather  stating  that  it  was 
possible  to  drive  a  wagon  through  the  woods  in  the  1840s,  an  indication  of  the  openness 
of  the  woods.  It  also  was  mentioned  that  many  oaks  were  present  as  grubs,  suggesting 
frequent  fires  (Taft  1997). 

The  present  appearance  of  White  Oak  Creek  Woods  compared  to  150  years  ago  is  proba¬ 
bly  due  to  a  reduced  fire  frequency  followed  by  a  total  absence  of  fire  in  recent  decades 
(Taft  1997).  In  pre-settlement  time  frequent  fires  maintained  much  of  this  dry-mesic  to 
mesic  oak  cover  type,  particularly  along  the  western  edge  of  its  range  (Ebinger  and 
McClain  1991,  McClain  and  Elzinga  1994).  In  general,  many  oak  species  are  well 
adapted  to  fire  due  to  their  thick  bark  and  ability  to  reproduce  by  sprouts,  giving  them  a 
competitive  advantage  in  areas  of  high  fire  frequencies.  Oak  densities  in  this  pre-settle¬ 
ment  landscape  was  dictated  by  fire  frequency  and  intensity,  ranging  from  low  tree  den¬ 
sities  in  savannas  and  woodlands  that  burned  hot  and  frequent,  to  higher  tree  densities  in 
closed  forests  where  surface  fires  burned  cooler  and  were  less  frequent  (Anderson  1991, 
Abrams  1992). 
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The  Illinois  Natural  Areas  Inventory  surveyed  the  vegetation  of  White  Oak  Creek  Woods 
in  1976  (White  1978).  Their  field  biologists  considered  the  area  a  good  quality  old- 
growth  dry  sand  forest  due  to  a  tree  density  of  292  stems/ha  and  a  basal  area  of  25.4 
m%a.  Black  oak  was  the  dominant  overstory  species  with  100  stems/ha  and  a  basal  area 
of  17.0  m"/ha.  Ulmus  americana  L.  (American  elm),  Quercus  alba,  and  Sassafras 
albidum  followed  in  importance.  The  area  surveyed,  however,  was  the  area  selectively 
logged  in  the  1980s  north  of  White  Oak  Creek,  not  the  small  section  south  of  White  Oak 
Creek  that  was  examined  during  the  present  survey. 

No  other  forested  areas  in  the  Illinois  River  sand  deposits  of  Mason  County  were  found 
to  contain  more  than  just  a  few  individuals  of  Quercus  alba.  All  have  been  closed  canopy 
dry  sand  forests  on  dune  deposits  where  black  oak  and  Quercus  marilandica  Muench. 
(blackjack  oak)  were  the  leading  dominants  along  with  a  few  hickory  species  in  low 
numbers  (Jenkins  et  al.  1991,  Coates  et  al.  1992,  McClain  et  al.  2002).  One  closed  forest. 
Burton  Woods,  located  on  a  terrace  of  Salt  Creek  in  Mason  County,  was  dominated  by 
Celtis  occidentalis  L.  (hackberry)  and  Quercus  macrocarpa  Michx.  (bur  oak)  (McClain 
et  al.  1993).  Quercus  alba  was  absent  from  this  wet-mesic  forest  though  many  mesic  spe¬ 
cies  were  present:  Gleditsia  triacanthos  (honey  locust),  Ulmus  americana,  Platanus  occi¬ 
dentalis  L.  (sycamore)  Ulmus  rubra  Muhl.  (slippery  elm),  Juglans  nigra  L.  (black  wal¬ 
nut),  and  Quercus  bicolor  Willd.  (swamp  white  oak). 

Rodgers  and  Anderson  (1979)  used  Government  Land  Office  survey  records  from  1821- 
1824  to  determine  the  pre-settlement  vegetation  of  Mason  County.  In  all  community 
types  (prairie,  savanna,  open  forest,  and  closed  forest),  black  oak  was  the  dominant 
woody  species  and  usually  accounted  for  more  than  half  the  IV  (300).  Blackjack  oak  was 
second  in  IV  in  open  canopy  communities  (prairie  and  savanna)  while  in  open  and  closed 
forests  hickories  and  maples  were  second  and  third  in  importance.  Quercus  alba  was  not 
common,  being  occasionally  recorded  in  savanna  (IV  of  14.05  out  of  300),  open  forest 
(IV  of  19.46  out  of  300),  and  closed  forests  IV  of  11.18  out  of  300).  These  forests  were 
mostly  on  the  western  edge  of  the  county  adjacent  to  the  Illinois  River  and  its  backwater 
lakes  where  decreased  fire  frequency  may  have  permitted  the  establishment  of  mesic  to 
dry-mesic  forests. 

In  the  Kankakee  Sand  Area  Section  of  the  Grand  Prairie  Natural  Division,  Quercus  alba 
occurs  in  dry-mesic  sand  savannas  on  the  lower  slopes  of  dunes  and  in  the  swales 
between  the  dunes  (McDowell  et  al.  1983,  Johnson  and  Ebinger  1992).  On  these  sites  the 
vegetation  is  a  savanna  with  an  understory  of  native  prairie  species  (Johnson  and  Ebinger 
1995).  Management  burns  are  used  to  maintain  an  open  overstory  in  these  sand  savannas. 
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Table  2.  Density  (individuals/ha)  of  the  woody  understory  species  at  White  Oak  Creek 
Woods  Natural  Area,  Mason  County,  Illinois. 


Species 

Seedlings 

Small  Saplings 

Large  Saplings 

Sassafras  albidum 

4300 

1600 

545 

Celtis  occidentalis 

1700 

100 

25 

Quercus  alba 

1100 

-- 

— 

Querciis  velutina 

800 

— 

— 

Carya  texana 

300 

200 

95 

Ulmus  americana 

300 

— 

15 

Primus  serotina 

200 

100 

375 

Moms  alba 

100 

-- 

45 

Cercis  canadensis 

100 

-- 

20 

Asimina  triloba 

100 

-- 

-- 

Carya  tomentosa 

— 

50 

— 

Ulmus  rubra 

— 

— 

145 

Robinia  pseudoacacia 

— 

— 

75 

Crataegus  mollis 

— 

— 

5 

Tilia  americana 

— 

— 

5 

Fraxinus  lanceolata 

— 

— 

5 

Juglans  nigra 

— 

— 

5 

Cornus  drummondii 

200 

200 

10 

Toxicodendron  radicans 

7700 

— 

-- 

Rubus  allegheniensis 

1200 

— 

-- 

Ribes  missouriense 

900 

— 

— 

Totals 

19000 

2250 

1370 

f  % 
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ABSTRACT 

A  series  of  small  seeps  were  studied  at  White  Oak  Creek  Woods  Natural  Area,  Mason 
County,  Illinois.  The  seep  community  in  full  sunlight  had  23  species  present  in  the  plots 
(n  =  30).  Apios  americana  (groundnut)  was  dominant  with  a  mean  cover  of  33.88%  and 
an  IV  of  31.5  (possible  200),  followed  by  Impatiens  capensis  (spotted  touch-me-not), 
Leersia  oryzoides  (rice  cut  grass),  Decodon  verticillatus  (swamp  loosestrife),  and  Saurii- 
rus  cernuus  ( lizard ’s-tail)  all  with  IV’s  >15.0.  In  the  shaded  seep,  of  the  19  species  in  the 
plots  (n  =  30),  Symplocarpus  foetidus  (skunk  cabbage)  was  dominant  with  a  mean  cover 
of  39.75%  and  an  IV  of  70.2.  Impatiens  capensis  and  Saururus  cernuus  were  second  and 
third  with  IV’s  of  41.7  and  40.7  respectively,  the  remaining  species  being  of  minor 
importance.  Within  the  seep  complex,  a  total  of  140  vascular  plant  species  representing 
1 10  genera  and  57  families  were  documented.  During  the  present  study  many  more  spe¬ 
cies  were  found  than  were  reported  in  an  earlier  study  of  the  site  conducted  in  1912. 


INTRODUCTION 

Seep  communities  occur  in  areas  with  saturated  soil  caused  by  groundwater  reaching  the 
surface  in  a  diffuse  flow  (White  and  Madany  1978).  These  seeps,  which  rarely  exceed  0.5 
ha,  are  common  along  the  lower  slopes  of  glacial  moraines,  in  ravines,  and  on  stream 
terraces.  Ground  water  of  seeps  usually  flows  through  sand  and  gravel  deposits  above  an 
impervious  soil  layer  to  the  outlet  area  where  it  forms  a  distinct  seep  line.  The  resulting 
seeps  are  permanently  wet,  marshy  areas.  Seeps  may  have  some  localized  areas  of  con¬ 
centrated  flow  (springs),  but  these  areas  are  not  obvious.  It  is  common,  however,  that 
some  of  the  seep  waters  flow  from  the  site  in  shallow  runs. 

Seeps  are  relatively  common  throughout  Illinois,  but  most  are  small,  and  these  communi¬ 
ties  and  the  associated  plant  species  seldom  have  been  studied  in  detail.  Most  seeps  dis¬ 
cussed  in  the  literature,  were  studied  because  they  contained  an  unusual  assemblage  of 
plant  species  or  because  a  few  endangered  or  threatened  species  were  present.  The  first 
study  describing  seep  community  vegetation  in  Illinois  was  by  Gates  (1912)  in  his  analy¬ 
sis  of  a  “bog”  community  in  Mason  County,  Illinois.  He  was  interested  in  this  site 
because  “it  is  so  far  south  of  the  usual  southern  limits  of  peat-bog  plants  as  outlined  by 
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Transeau”  (1903).  More  recently  Phipps  and  Speer  (1958)  and  later  Parker  and  Ebinger 
(1971)  studied  the  vascular  plant  species  of  a  hillside  marsh  in  Coles  County,  east-central 
Illinois.  Later  Ebinger  (1978)  examined  the  flora  of  seven  seeps  in  east-central  Illinois, 
while  Henry  and  Scott  (1984)  studied  the  vegetation  of  four  seeps  in  McDonough  County 
in  northwestern  Illinois.  In  southern  Illinois  Voigt  and  Mohlenbrock  (1964)  described  a 
few  seeps  from  the  Shawnee  Hills  Natural  Division,  while  Schwegman  (1969)  examined 
a  series  of  seep  springs  in  the  Cretaceous  Hills  Section  of  the  Coastal  Plain  Natural  Divi¬ 
sion  (Schwegman  1973). 

The  present  study  was  undertaken  to  determine  the  composition  and  structure  of  the 
vegetation  of  this  series  of  seeps  at  White  Oak  Creek  Natural  Area  in  Mason  County,  and 
compare  the  result  to  those  observed  by  Gates  (1912). 

DESCRIPTION  OF  THE  STUDY  AREA 

The  seep  complex  studied  is  located  along  White  Oak  Creek  about  6  km  south  of  Havana, 
Mason  County,  Illinois  (NWl/4  S23  T21N  R9W).  At  this  site  numerous  small  seeps  are 
located  along  both  sides  of  White  Oak  Creek  on  a  sandy  terrace  about  400  m  east  of  the 
Illinois  River.  The  largest  seep  is  nearly  125  m  long  and  varies  in  width  from  1  to  8  m. 
This  seep  is  in  an  open  area  with  nearly  continual  sunlight  throughout  the  day  (sunny 
seep).  The  remaining  seeps  are  smaller  with  the  largest  approximately  100  m  long  by 
about  10  m  wide,  and  shaded  nearly  the  entire  day  (shaded  seep).  The  seeps  are  in  a  nar¬ 
row  valley  surrounded  by  steep  slopes  3  to  5  m  high.  The  upland  forest  surrounding  the 
seeps  is  dominated  by  Quercus  velutina  (black  oak)  and  Q.  alba  (white  oak).  The  soils 
are  excessively  drained  Plainfield  sand  (Calsyn  1995),  part  of  the  dune  and  swale  topog¬ 
raphy  known  as  the  Parkland  Formation  (Willman  and  Frye  1970),  which  occurs  in  the 
Illinois  River  Section  of  the  Illinois  River  and  Mississippi  River  Sand  Areas  Natural 
Division  (Schwegman  1973). 

The  timbered  land  north  of  White  Oak  Creek,  was  designated  “grade  B”  dry  to  dry-mesic 
sand  forest  by  the  Illinois  Natural  Areas  Inventory  (White  1978).  The  larger  white  oak 
trees  were  selectively  logged  north  of  White  Oak  Creek  in  1980,  resulting  in  that  area 
being  designated  “grade  C”  forest  (Lerczak  2000).  Registered  as  an  Illinois  Natural 
Heritage  Landmark  since  1983,  it  is  now  designated  as  the  Speckman-Stelter  Woods 
Land  and  Water  Reserve  by  the  Illinois  Nature  Preserves  Commission  (Lerczak  2000). 

METHODS 

The  seep  complex  was  visited  seven  times  each  year  throughout  the  growing  seasons  of 
2004  and  2005.  Voucher  specimens  of  plant  species  listed  in  Appendix  I  were  collected, 
identified,  and  deposited  in  the  Stover-Ebinger  Herbarium  of  Eastern  Illinois  University, 
Charleston,  Illinois  (EIU),  or  the  herbarium  of  the  Illinois  Natural  History  Survey, 
Champaign,  Illinois  (ILLS).  Nomenclature  follows  Mohlenbrock  (2002). 

In  late  July  of  2005,  a  transect  90m  long  was  located  along  the  centerline  of  the  sunny 
seep.  At  3  m  intervals  along  this  transect  m^  plots  were  located  randomly  0  to  2  m  from 
the  transect  line,  even  number  plots  to  the  right,  odd  to  the  left  (n=30).  In  the  shaded  seep 
two  transects  45  m  long  were  randomly  located  and  the  same  procedure  followed  (n=30). 
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Species  cover  was  determined  using  the  Daubenmire  (1959)  cover  class  system  as  modi¬ 
fied  by  Bailey  and  Poulton  (1968).  The  modified  Daubenmire  cover  scale  is  as  follows: 
class  1  =  0  to  1%;  class  2  =  1  to  5%;  class  3  =  5  to  25%;  class  4  =  25  to  50%;  class  5  =  50 
to  75%;  class  6  =  75  to  95%;  class  7  =  95  to  100%.  Mean  cover  was  then  calculated  by 
using  the  mid-point  of  the  cover  classes.  Importance  value  (IV)  for  each  species  was 
determined  by  summing  relative  cover  and  relative  frequency. 

The  Sorensen  Index  of  Similarity  (ISs)  was  used  to  determine  the  degree  of  vegetation 
similarity  between  the  two  seep  communities  studied  (Mueller-Dombois  and  Ellenberg 
1974).  In  this  index  [ISs  =  2C/A-I-B  x  100],  A  equals  the  number  of  species  in  the  first 
community,  B  equals  the  number  of  species  in  the  second  community,  and  C  equals  the 
number  of  species  common  between  the  two  communities. 

RESULTS 

Within  the  seep  complex,  a  total  of  140  vascular  plant  species  representing  110  genera 
and  57  families  were  documented  (Appendix  I).  Of  the  species  listed  in  Appendix  I,  four 
were  ferns  and  fern-allies,  27  were  monocots  in  22  genera  and  nine  families,  while  109 
were  dicots  in  85  genera  and  45  families.  Although  Gates  (1912)  reported  the  occurrence 
of  the  state  endangered  Mimulus  glabratus  (yellow  monkey  flower),  and  the  presently 
state  threatened  Veronica  scute llata  (marsh  speedwell),  neither  of  these  two  species  nor 
any  other  state  threatened  or  endangered  species  were  encountered  during  the  present 
study  (Herkert  and  Ebinger  2002). 

The  sunny  seep  community  had  23  species  recorded  in  the  plots.  The  perennial  vine, 
Apios  americana  (groundnut)  and  the  annual,  Impatiens  capensis  (spotted  touch-me-not) 
were  the  dominant  species  with  mean  cover  values  of  33.88%  and  26.78%  and  IV’s  of 
31.5  and  30.3,  respectively  (Table  1).  In  many  parts  of  the  seep,  Apios  americana  over¬ 
topped  and  covered  the  other  vegetation.  Leersia  oryzoides  (rice  cut  grass),  Decodon  ver- 
ticillatus  (swamp  loosestrife),  and  Saururus  cernuus  (lizard’ s-tail)  all  had  IV’s  greater 
than  15,  and  mean  covers  that  ranged  from  8.35%  to  15.57%.  The  only  non-native  spe¬ 
cies  encountered  was  Lysimachia  nummularia  (moneywort),  with  an  IV  of  4.4.  This  spe¬ 
cies  formed  scattered,  cushion-like  patches  beneath  the  much  taller  vegetation. 

Of  the  19  species  in  the  plots  of  the  shaded  seep,  Symplocarpus  foetidus  (skunk  cabbage) 
was  dominant  with  a  mean  cover  of  39.75%  and  an  IV  of  70.2.  Impatiens  capensis  and 
Saururus  cernuus  were  second  and  third,  with  IV’s  of  41.7  and  40.7  respectively  (Table 
1).  The  remaining  16  species  encountered  had  much  lower  mean  covers  and  IV’s.  The 
non-native  Alliaria  petiolata  (garlic  mustard),  a  pervasive  adventive  species  of  many 
Illinois  sand  deposits,  was  occasionally  found  in  the  shaded  seep  plots  (IV  of  2.5)  and 
was  commonly  observed  in  the  forests  surrounding  the  seeps. 

The  mean  cover  of  the  sunny  seep  was  153.12%,  nearly  twice  the  mean  cover  of  the 
shaded  seep  (80.61%).  Consistent  with  this,  the  average  mean  cover  for  bare  ground  and 
litter  was  nearly  eight  times  greater  in  the  shaded  seep  (39.43%)  than  in  the  sunny  seep 
(4.50%).  Twelve  species  encountered  in  the  plots  were  present  in  both  of  the  seep  com¬ 
munities  resulting  in  a  Sorensen  Index  of  Similarity  (ISs)  of  57.1.  Impatiens  capensis  was 
second  in  IV  in  both  seep  communities,  and  Saururus  cernuus  was  fifth  in  IV  in  the 
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sunny  seep  (IV  of  15.4)  and  third  in  the  shaded  seep  (IV  of  40.7).  Three  of  the  top  five 
species  encountered  in  the  sunny  seep  {Apios  americana,  Leersia  oryzoides,  Decodon 
verticillatus)  were  not  observed  in  the  shaded  seep.  Symplocarpus  foetidus,  the  dominant 
species  of  the  shaded  seep  (IV  of  70.2),  was  occasionally  found  beneath  the  taller  vegeta¬ 
tion  in  the  sunny  seep  (IV  of  4.9).  Of  the  species  restricted  to  the  shaded  seep,  Fraxinus 
nigra  (black  ash)  seedlings  were  the  most  common  (IV  of  7.2),  followed  by  the  non¬ 
native  Alliaria  petiolata,  and  five  other  species  with  low  I  Vs  that  were  rarely  encountered 
(Table  1). 

Fraxinus  nigra  was  common  in  many  parts  of  the  terrace,  being  particularly  abundant  in 
and  at  the  edges  of  the  shaded  seeps.  Seedlings  and  a  few  saplings  of  F.  nigra  were 
common  in  the  shaded  seep  along  with  a  few  trees  that  rarely  exceeded  25  cm  dbh.  In  the 
sunny  seep,  Salix  discolor  (pussy  willow)  and  S.  interior  (sandbar  willow)  was  observed 
throughout,  mostly  being  less  than  3m  tall.  The  slightly  woody  Decodon  verticillatus  was 
the  dominant  species  in  parts  of  the  seep,  while  the  shrubs  Cephalanthus  occidentalis 
buttonbush),  Ribes  americanum  (Missouri  gooseberry),  and  Rosa  palustris  (swamp  rose) 
were  occasionally  observed.  Most  of  the  remaining  tree  and  shrub  species  listed  in 
Appendix  I  were  found  at  the  edges  of  the  seeps  and  along  White  Oak  Creek. 

DISCUSSION 

In  addition  to  the  endangered  and  threatened  plant  species  listed  by  Gates  (1912),  17 
other  species,  cited  by  Gates  (1912),  were  not  found  during  the  present  study.  A  few  are 
very  common  species,  while  some  are  relatively  uncommon  [Amsonia  tabernaemontana 
(blue  star),  Cicuta  bulbifera  (bulblet  water  hemlock),  Oxypolis  rigidior  (cowbane). 
Ranunculus  pensylvanicus  (bristly  crowfoot),  Sparganium  eurycarpum  bur-reed)].  The 
reason  for  these  losses  is  not  known,  but  is  probably  related  to  changes  in  water  flow  and 
water  levels  in  the  seeps,  down  cutting  and  erosion  by  White  Oak  Creek,  and  the  loss  of 
habitat  resulting  from  human  disturbances  since  1912.  Additionally,  Gates  (1912)  men¬ 
tioned  springs  along  the  bluff  and  listed  many  species,  which  could  not  be  located  during 
the  current  study,  as  occurring  in  these  spring  communities.  Sand  bluffs  resulting  from 
undercutting  by  White  Oak  Creek  were  found  near  the  seep  communities,  but  no  springs 
were  present  at  the  base.  Also,  Cornus  amomum  (swamp  dogwood)  and  Ulmus  thomasii 
(rock  elm)  probably  represent  misidentifications  by  Gates  (1912)  as  they  are  generally 
not  found  in  this  part  of  Illinois. 

The  soils  of  this  seep  and  most  seeps  in  Illinois  have  a  deep,  peaty,  soil  with  water  that  is 
usually  neutral  to  slightly  alkaline.  Ebinger  and  Bacone  (1980)  found  the  waters  to  be 
slightly  alkaline  for  two  seeps  at  Turkey  Run  State  Park,  Parke  County,  Indiana.  In  their 
examination  of  four  seeps  in  McDonough  County,  Illinois,  Henry  and  Scott  (1984)  found 
the  pH  of  seep  water  in  three  seeps  to  be  neutral  to  slightly  alkaline  (pH  of  7. 0-7 .6),  while 
water  of  the  fourth  seep  was  very  acidic  (pH  of  3.5).  This  acid  seep,  referred  to  as  a  coal 
seep,  was  dominated  by  Sphagnum  and  was  heavily  shaded  by  dense  mesic  woods. 

Many  species  found  in  the  present  study  were  listed  for  other  Illinois  seeps.  Only  a  few 
species,  however,  have  consistently  been  found  in  nearly  all  seeps  examined,  including 
Agrostis  gigantea  (red  top).  Aster  lateriflorus  (side-flowering  aster),  Carex  lurida  (lurid 
sedge),  Equisetum  arvense  (common  horsetail),  Eupatorium  perfoliatum  (perfoliate  bone- 
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set),  Glyceria  striata  (fowl  manna  grass),  Impatiens  capensis,  Leersia  virginica  (white 
grass),  Mimulus  ringens  (sessile  monkey  flower).  Lobelia  siphilitica  (great  blue  lobelia), 
and  Pilea  piimila  (clearweed).  Two  of  these  species  consistently  found  with  relatively 
high  IV’s  are  Impatiens  capensis  and  Pilea  pumila.  The  remainder,  however,  usually 
have  low  IV’s,  and  are  widely  scattered  or  grow  in  localized  clumps. 

ACKNOWLEDGMENTS 

The  authors  thank  the  Illinois  Department  of  Natural  Resources  for  access  to  the  natural 
area  inventory  data  for  the  seep;  Tom  Lerczak,  Illinois  Nature  Preserves  Commission,  for 
his  help  and  advice,  the  land  owner  for  permission  to  enter  the  property,  and  the  two 
anonymous  reviewers  for  their  helpful  comments. 

LITERATURE  CITED 

Bailey,  A.W.,  and  C.E.  Poulton.  1968.  Plant  communities  and  environmental  relationships  in  a 
portion  of  the  Tillamook  burn,  northwestern  Oregon.  Ecology  49:1-13. 

Calsyn,  D.E.  1995.  Soil  survey  of  Mason  County,  Illinois.  Soil  Report  146,  University  of  Illinois 
Agricultural  Experiment  Station,  Urbana.  ix-f-21 1  pp. 

Daubenmire,  R.  1959.  A  canopy  coverage  method  of  vegetation  analysis.  Northwest  Science  33:43- 
64. 

Ebinger,  J.E.  1978.  Vascular  flora  of  hillside  seeps  in  east-central  Illinois.  Transactions  of  the  Illi¬ 
nois  State  Academy  of  Science  71:109-1 14. 

Ebinger,  J.E.  and  J.A.  Bacone.  1980.  Vegetation  survey  of  hillside  seeps  at  Turkey  Run  State  Park. 

Proceedings  of  the  Indiana  Academy  of  Science  90:390-394. 

Gates,  F.C.  1912.  A  bog  in  central  Illinois.  Torreya  11:205-211. 

Henry,  R.D.  and  A.R.  Scott.  1984.  The  wetland  vascular  flora  of  four  seeps  in  McDonough  County, 
Illinois.  Phytologia  56:1-15. 

Herkert,  J.R.  and  J.E.  Ebinger.  2002.  editors.  Endangered  and  threatened  species  of  Illinois:  Status 
and  distribution.  Volume  1.  Plants.  Illinois  Endangered  Species  Protection  Board,  Springfield, 
Illinois.  161  pp. 

Lerczak,  T.V.  2000.  Proposal  to  register  Speckman-Stelter  Woods  in  Mason  County  as  an  Illinois 
Land  and  Water  Reserve.  Illinois  Nature  Preserves  Commission,  Springfield,  Illinois,  ii-t-14  pp. 
Mohlenbrock,  R.H.  2002.  Vascular  flora  of  Illinois.  Southern  Illinois  University  Press,  Carbondale, 
Illinois.  X  +  490  pp. 

Mueller-Dombois,  D.  and  H.  Ellenberg.  1974.  Aims  and  methods  of  vegetation  ecology.  John 
Wiley  and  Sons,  New  York. 

Parker,  H.M.  and  J.E.  Ebinger.  1971.  Ecological  study  of  a  hillside  marsh  in  east-central  Illinois. 

Transactions  of  the  Illinois  State  Academy  of  Science  64:362-369. 

Phipps,  R.  and  J.  Speer.  1958.  A  hillside  marsh  in  east-central  Illinois.  Transactions  of  the  Illinois 
State  Academy  of  Science  51:37-42. 

Schwegman,  J.E.  1969.  Vegetation  of  some  seep  springs  in  the  Cretaceous  Hills  of  southern  Illi¬ 
nois.  Masters  Thesis,  Southern  Illinois  University,  Carbondale,  Illinois. 

Schwegman,  J.E.  1973.  Comprehensive  plan  for  the  Illinois  nature  preserves  system.  Part  2.  The 
natural  divisions  of  Illinois.  Illinois  Nature  Preserves  Commission,  Rockford,  Illinois.  32 
pp.-i-map. 

Transeau,  E.N.  1903.  On  the  geographic  distribution  and  ecological  relationships  of  the  bog  plant 
societies  of  North  America.  Botanical  Gazette  36:401-420. 

Voigt,  J.W.  and  R.H.  Mohlenbrock.  1964.  Plant  Communities  of  Southern  Illinois.  Southern  Illinois 
University  Press,  Carbondale,  Illinois,  xviii-i-202  pp. 

White,  J.  1978.  (editor)  Illinois  Natural  Areas  Inventory,  Technical  Report.  Illinois  Natural  Areas 
Inventory,  Urbana,  Illinois,  xix  -i-  426  pp. 


152 


White,  J.,  and  M.H.  Madany.  1978.  Classification  of  natural  communities  in  Illinois.  Pp.  310-405  in 
Illinois  Natural  Areas  Inventory.  Technical  report.  (J.  White,  Editor).  Illinois  Natural  Areas 
Inventory,  Urbana,  Illinois. 

Willman,  H.B.  and  J.C.  Frye.  1970.  Pleistocene  stratigraphy  of  Illinois.  Illinois  State  Geological 
Survey  Bulletin  94:1-204. 


153 


Table  1 .  Average  cover  and  importance  value  of  ground  layer  species  encountered  dur¬ 
ing  the  summer  of  2006  in  a  sunny  seep  and  a  shaded  seep  at  White  Oak  Creek 
Woods  Natural  Area,  Mason  County,  Illinois. 


Species 

Freq. 

Sunny  seep 
Mean 

%  Cover 

TV. 

Freq. 

Shaded  seep 
Mean 

%  Cover 

TV. 

Apios  americana 

63 

33.88 

31.5 

— 

— 

— 

Impatiens  capensis 

87 

26.78 

30.3 

73 

19.80 

41.7 

Leersia  oryzoides 

73 

15.57 

21.0 

— 

— 

— 

Decodon  verticillatus 

47 

17.12 

18.1 

— 

— 

-- 

Saururus  cernuus 

67 

8.35 

15.4 

97 

14.65 

40.7 

Pilea  pumila 

63 

6.12 

13.4 

20 

0.75 

5.6 

Rosa  palustris 

23 

9.27 

9.5 

— 

— 

— 

Carex  spp . 

43 

4.05 

9.0 

3 

0.10 

0.9 

Peltandra  virginica 

23 

8.08 

8.7 

— 

— 

— 

Aster  lanceolatus 

37 

3.42 

7.6 

6 

0.20 

1.8 

Boehmeria  cylindrica 

30 

2.02 

5.7 

17 

0.82 

4.9 

Cicuta  maculata 

27 

2.67 

5.6 

— 

— 

— 

Symplocarpus  foetidus 

17 

3.60 

4.9 

90 

39.75 

70.2 

Lysimachia  nummularia 

10 

4.67 

4.4 

— 

— 

— 

Ribes  americanum 

13 

3.50 

4.3 

3 

0.02 

0.8 

Parthenocissus  quinquefolia 

13 

1.38 

2.9 

43 

2.65 

13.4 

Leersia  virginica 

13 

1.12 

2.7 

10 

0.22 

2.5 

Iris  shrevei 

7 

0.52 

1.3 

— 

— 

— 

Stachys  tenuifolia 

7 

0.20 

1.1 

— 

— 

— 

Vitis  vulpina 

3 

0.50 

0.8 

3 

0.50 

1.4 

Acer  saccharinum 

3 

0.10 

0.6 

— 

-- 

— 

Cinna  arundinacea 

3 

0.10 

0.6 

3 

0.10 

0.9 

Eupatoriadelphus  maculatus 

3 

0.10 

0.6 

— 

-- 

-- 

Fraxinus  nigra 

— 

— 

-- 

30 

0.15 

7.2 

Alliaria  petiolata 

— 

— 

-- 

10 

0.22 

2.5 

Smilax  tamnoides 

— 

— 

-- 

6 

0.12 

1.7 

Antenoron  virginianum 

-- 

— 

-- 

3 

0.50 

1.4 

Acer  negundo 

— 

— 

-- 

3 

0.02 

0.8 

Thelypteris  palustris 

-- 

-- 

— 

3 

0.02 

0.8 

Celastrus  scandens 

-- 

— 

— 

3 

0.02 

0.8 

Totals 

153.12 

200.0 

80.61 

200.0 

Average  bare  ground/litter  4.50  39.43 
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APPENDIX  I. 

Vascular  plant  species  encountered  in  a  seep  community  at  White  Oak  Creek  Woods 
Natural  Area,  Mason  County,  Illinois,  are  listed  alphabetically  by  family  under  major 
plant  groups.  Collecting  numbers  preceded  by  an  E  represent  specimens  collected  by 
John  E.  Ebinger  and  are  deposited  in  the  Stover-Ebinger  Herbarium,  Eastern  Illinois  Uni¬ 
versity,  Charleston,  Illinois  (EIU).  Collecting  numbers  preceded  by  a  P  represent  speci¬ 
mens  collected  by  Loy  R.  Phillippe  and  are  deposited  in  the  Illinois  Natural  History  Sur¬ 
vey  Herbarium,  Champaign,  Illinois  (ILLS).  The  species  reported  by  Gates  (1912)  are 
preceded  by  asterisks.  A  few  Gates  specimens  were  located  at  the  University  of  Illinois 
Herbarium  (ILL),  but  vouchers  for  most  are  missing. 


FERNS  AND  FERN-ALLIES 

Equisetaceae 

Equisetum  arvense  L.:  E31982 
Equisetum  laevigatum  A.  Br.:  E31983 

Onocleaceae 

Onoclea  sensibilis  L.:  P37204 
Thelypteridaceae 

*Thelyptens palustris  Schott:  P37227 

MONOCOTS 

Alismataceae 

Alisma  subcordatum  Raf:  P37294 
*Sagittaria  latifolia  Willd.:  P37285 

Araceae 

*Peltandra  virginica  (L.)  Schott: 
P37223 

*Symplocarpus  foetidus  (L.)  Nutt.: 
E31818 

Cyperaceae 

Bolboschoenus  fluviatilis  (Torr.)  Sojak: 
P37295 

Carex  alopecoidea  Tuckerm.:  E31985 
Carex  blanda  Dewey:  E31984 
Carex  cristatella  Britt.:  P37221 
*Carex  lurida  Wahl:  P37212 
Cyperus  strigosus  L.:  P37213 
Scirpus  atrovirens  Willd.:  P37205 

Dioscoreaceae 

Dioscorea  villosa  L.:  E31986 
Iridaceae 

*/m  shrevei  Small:  E31987 
Lemnaceae 

Lemna  minor  L.:  E3 1 994 


Poaceae 

*Agrostis  gigantea  Roth 
Agrostis perennans  (Walt.)  Tuckerm.: 
P37274 

*Cinna  arundinacea  L.:  P37185 
Dichanthelium  clandestinum  (L.)  Gould: 
P37273 

Elymus  virginicus  L.:  P37296 
Festuca  subverticillata  (Pers.)  E.B. 
Alexeev.:  E31988 

Glyceria  striata  (Lam.)  Hitchc.:  E31989 
Leersia  oryzoides  (L.)  Swartz:  E32059 
*Leersia  virginica  Willd.:  P37194 
Muhlenbergia  frondosa  (Poir.)  Fern.: 
P37220 

*Poa  sylvestris  Gray:  E3 1990 
Smilacaceae 

Smilax  tamnoides  L.:  E321 10 
Sparganiaceae 

*Sparganium  eurycarpum  Engelm. 

DICOTS 

Aceraceae 

Acer  negundo  L.:  E31972 
*  Acer  saccharinum  L.:  E32060 

Anacardiaceae 

Toxicodendron  radicans  (L.)  Kuntze: 
P37198 

Annonaceae 

Asimina  triloba  (L.)  Dunal:  E31973 
Apiaceae 

*Berula  erecta  (Huds.)  Coville:  E32122 
*Cicuta  bulbifera  L. 

*Cicuta  maculata  L.:  P37217 
Osmorhiza  longistylis  (Torr.)  DC.: 
E31974 
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*Oxypolis  hgidior  (L.)  Raf. 

Sanicula  canadensis  L.:  P37206 
Siam  suave  Walt.:  E32061 

Apocynaceae 

*Amsonia  tabernaemontana  Walt. 

Asclepiadaceae 
*Asclepias  incarnata  L. 

Asteraceae 

Ageratina  altissima  (L.)  R.M.  King  &  H. 
Rob.:  E32062 

Arnoglossum  atriplicifolium  (L.)  H. 

Rob.:  E31992 

Aster  lanceolatus  Willd.:  E321 1 1 
Aster  lateriflorus  (L.)  Britt.:  E321 12 
Aster  ontarionis  Wieg.:  P37292 
Bidens  cernua  L.:  P37281 
*Bidens  comosa  (Gray)  Wieg.:  E32063 
Bidens  frondosa  L.:  E32064 
Erigeron  philadelphicus  L.:  E31975 
Eupatoriadelphus  maculatus  (L.)  R.M. 
King&H.  Rob.:P37193 
Eupatoriadelphus  purpureus  (L.)  R.M. 
King&H.  Rob.:E32065 
*Eupatorium  perfoliatum  L.:  P37210 
Eupatorium  serotinum  Michx.:  P37209 
Lactuca  floridana  (L.)  Gaertn.:  P37203 
Solidago  gigantea  Ait.:  E32066 
Solidago  ulmifolia  Muhl.:  E321 13 
Vernonia  gigantea  (Walt.)  Trel.:  P37287 
Xanthium  strumarium  L.:  P37283 

Balsaminaceae 

*Impatiens  capensis  Meerb.:  P37189 
Betulaceae 

*Betula  nigra  L.:  E32067 
Bignoniaceae 

*Campsis  radicans  (L.)  Seem. 
Boraginaceae 

Hackelia  virginiana  (L.)  I.M.  Johnston: 
P37201 

Brassicaceae 

Cardamine  bulbosa  (Muhl.)  BSP.: 
E32124 

Nasturtium  officinale  R.  Br.:  E31976 
Caesalpiniaceae 

*Gleditsia  triacanthos  L.:  E32068 
Gymnocladus  dioicus  (L.)  K.  Koch: 
P37224 


Campanulaceae 

Campanulastrum  americanum  (L.) 
Small:  P37228 

Lobelia  cardinal  is  L.:  P37219 
Lobelia  siphilitica  L.:  E32069 

Caprifoliaceae 

*Sambucus  canadensis  L.:  P39163 
Viburnum  lentago  L.:  P37197 

Comaceae 

*Cornus  amomum  Mill. 

Cornus  drummondii  C.A.  Mey.:  P37207 
Cornus  sericea  L.:  P37230 

Corylaceae 

Carpinus  caroliniana  Walt.:  P39164 
Cucurbitaceae 

Sicyos  angulatus  L.:  P37284 
Cuscutaceae 

Cuscuta  gronovii  Willd.:  P37226 
Ebenaceae 

*Diospyros  virginiana  L.:  E32070 
Euphorbiaceae 

Acalypha  rhomboidea  Raf.:  P37275 
Fabaceae 

Amorpha  fruticosa  L.:  P37225 
*Apios  americana  Medic.:  P37216 
Desmodium  paniculatum  (L.)  DC.: 
E32071 

Gentianaceae 

Gentiana  andrewsii  Griseb.:  E321 14 
Grossulariaceae 

Ribes  americanum  Mill.:  E31820 
Juglandaceae 

’^Juglans  nigra  L.:  E32072 
Lamiaceae 

Lycopus  americanus  Muhl.:  P37214 
Lycopus  virginicus  L.:P37290 

*  Mentha  arvensis  L.:  P37202 
Physostegia  speciosa  (Sweet)  Sweet: 
P37229 

"^Scutellaria  lateriflora  L.:  P37199 
Stachys  tenuifolia  Willd.:  P37188 

Lythraceae 

*  Decodon  verticillatus  (L.)  Ell.:  P37215 
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Menispermaceae 

Menispermum  canadense  L.:  P39165 
Moraceae 

Morus  rubra  L.:  E32073 
Oleaceae 

*Fraxinus  lanceolata  Borkh.:  E32074 
*Fraxinus  nigra  Marsh.:  E31821 
Ligustrum  vulgare  L.:  E321 15 

Oxalidaceae 

Oxalis  stricta  L.:  E31977 
Platanaceae 

*Platanus  occidentalis  L. 

Polygonaceae 

Antenoron  virginianum  (L.)  Roberty  & 
Vautier:  P37190 

Persicaria  pensylvanica  (L.)  Small: 
P37282 

Persicaria  punctata  (Ell.)  Small:  P37222 
*Rumex  orbiciulatus  Gray 

Primulaceae 
*Lysimachia  ciliata  L. 

Lysimachia  nummularia  L.:  E32075 

Ranunculaceae 

Anemone  canadensis  L.:  E31978 
*  Ranunculus  abortivus  L.:  E32123 
"^Ranunculus  pensylvanicus  L.f. 
Ranunculus  recurvatus  Poir.:  E31979 

Rosaceae 

Geum  canadense  Jacq.:  E321 16 
*Rosa palustris  Marsh.:  P37187 

Rubiaceae 

*Cephalanthus  occidentalis  L.:  P37218 
Galium  aparine  L.:  E31981 


"^Galium  trifidum  L. 

Galium  triflorum  Michx.:  E321 17 

Salicaceae 

^Salix  discolor  Muhl.:  E32077 
*Salix  interior  Rowlee:  E32076 

Saururaceae 

*Saururus  cernuus  L.:  P37196 

Scrophulariaceae 
*Chelone  glabra  L.:  P37291 
"^Mimulus  glabratus  HBK. 

Mimulus  ringens  L.:  P37208 

*  Veronica  scutellata  L. 

Tiliaceae 

*Tilia  americana  L. 

Ulmaceae 

*Celtis  occidentalis  L.:  E321 18 
*Ulmus  americana  L.:  E32078 
Ulmus  rubra  Muhl.:  E31980 

*  Ulmus  thomasii  Sarg. 

Urticaceae 

"^Boehmeria  cylindrica  (L.)  Sw.:  P37191 
*Laportea  canadensis  (L.)  Wedd.: 
E32079 

*Pilea  pumila  (L.)  Gray:  P37195 
Urtica  gracilis  Ait.:  P3721 1 

Verbenaceae 

*Phyla  lanceolata  (Michx.)  Greene 

*  Verbena  has  tat  a  L. 

Vitaceae 

Ampelopsis  cordata  Michx.:  P37280 
Parthenocissus  quinquefolia  (L.) 
Planch.:  E32121 
Vitis  vulpina  L.:  E31993 
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ABSTRACT 

The  vascular  flora  of  the  glacial  drift  hill  prairie  at  Windfall  Prairie  Nature  Preserve, 
Vermilion  County,  Illinois,  was  studied  during  the  2005  and  2006  growing  seasons.  This 
prairie  is  located  on  a  steep  south-  to  southwest-facing  hillside  overlooking  the  Middle 
Fork  of  the  Vermilion  River.  The  composition  and  structure  of  the  flora  was  determined 
using  m^  plots  placed  along  line  transects.  Frequency,  mean  cover,  relative  values,  and 
Importance  Value  of  eaeh  speeies  were  determined  from  these  data.  The  site  supported 
107  vascular  plant  species  of  which  50  were  encountered  in  the  plots.  Schizachyrium 
scoparium  (little  bluestem)  had  the  highest  importance  value  (IV  of  24.6),  followed  by 
Sorghastrum  nutans  (Indian  grass)  and  Bouteloua  curtipendula  (side-oats  grama)  with 
I  Vs  of  22.9  and  20.3,  respectively.  Common  forbs  included  Aster  laevis  (smooth  aster), 
Silphium  terebinthinaceum  (prairie  dock),  Solidago  nemoralis  (gray  goldenrod),  and 
Coreopsis  tripteris  (tall  tickseed).  Exotic  species  were  represented  by  10  taxa,  9.3%  of 
the  flora.  The  community  had  a  Floristic  Quality  Index  of  41.86,  indicating  a  site  of 
statewide  significance.  Since  a  previous  study  in  1977  there  have  been  a  few  changes  in 
the  importance  of  the  common  species. 

Key  Words:  glacial  drift  hill  prairie,  Illinois,  Sorghastrum  nutans,  Schizachyrium 
scoparium. 


INTRODUCTION 

In  pre-settlement  Illinois  small  prairie  openings  were  common  in  the  forests  on  glacial 
moraines  and  steep  hillsides  of  river  valleys  (Vestal  1918,  Hanson  1922,  Transeau  1935). 
Many  of  the  prairie  openings  were  associated  with  loess  soil,  and  most  of  these  were 
loeated  on  steep  hillsides  of  the  Illinois  and  Mississippi  river  valleys.  Many  of  these  loess 
hill  prairies  still  exist  and  have  been  intensely  studied  during  the  past  75  years  (Evers 
1955,  McClain  and  Anderson  1990,  Robertson  et  al.  1995,  Swartz,  et  al.  1997). 

Others  prairie  inclusions  on  steep  hillsides,  known  as  glacial  drift  hill  prairies,  were  asso¬ 
ciated  with  heavy  clay  soils.  They  were  first  studied  in  1916  in  the  vieinity  of  Charleston, 
Coles  County,  Illinois  by  Arthur  G.  Vestal  (1918)  while  he  taught  at  Eastern  Illinois  State 
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Normal  School.  These  glacial  drift  hill  prairies  were  associated  with  glacial  deposits  that 
were  heavily  eroded,  and  no  longer  had  a  loess  covering.  Many  were  associated  with 
river  systems  in  east-central  Illinois,  particularly  the  Kaskaskia,  Embarras,  and  the  Mid¬ 
dle  Fork  of  the  Vermilion  Rivers  and  their  tributaries  (Ebinger  1981;  Evers  1955;  Vestal 
1918).  A  few  glacial  drift  hill  prairies  are  found  along  the  Illinois  River,  with  a  concen¬ 
tration  around  Peoria  (McFall  and  Karnes  1995). 

Glacial  drift  hill  prairies  developed  on  glacial  till  of  Wisconsin  and  Illinoian  age  that  have 
lost  the  loess  overburden  due  to  soil  slumping  and  erosion.  These  low-nutrient,  rocky  and 
clay  soils  contain  little  organic  material  and  allow  for  rapid  water  runoff,  creating 
droughty  conditions  (McClain  et  al.  2002,  Robertson  et  al.  1995).  In  addition  to  the  soils, 
a  combination  of  factors  including  south-  to  southwest-facing  slope  aspect,  steep  slope 
angle,  and  dry  prevailing  west  winds  contributes  to  the  maintenance  of  the  prairie  vege¬ 
tation  on  these  sites.  These  environmental  conditions,  however,  do  not  prevent  woody 
plant  encroachment.  Of  the  nine  small  prairie  inclusions  reported  by  Vestal  (1918)  from  a 
steep-sided  valley  near  Charleston,  Illinois,  just  three  were  re-located  by  Reeves  et  al. 
(1978).  Behnke  and  Ebinger  (1989)  reported  only  one  inclusion  that  contained  typical 
prairie  vegetation,  and  three  others  degraded  by  woody  species  encroachment.  Owens 
and  Cole  (2003)  reported  only  one  remaining  prairie  opening. 

The  present  study  was  undertaken  to  determine  the  vascular  plant  species  composition, 
vegetation  structure,  and  floristic  quality  of  a  small  glacial  drift  hill  prairie  located  at 
Windfall  Prairie  Nature  Preserve  in  east-central  Illinois,  and  to  compare  results  with  a 
previous  study  of  the  site  in  1977  (Ebinger  1981). 

STUDY  AREA 

Windfall  glacial  drift  hill  prairie,  about  1  ha  in  size,  is  located  in  east-central  Illinois, 
about  10  km  northwest  of  Danville,  Illinois  in  Kennekuk  Cove  County  Park  (NEl/4 
NWl/4  S8  T20N  R12W;  40.2164°  N,  87.7468°  W).  Situated  at  the  top  of  a  south-  to 
southwest-facing  bluff  overlooking  the  Middle  Fork  of  the  Vermilion  River  the  hill  prai¬ 
rie  is  at  an  elevation  above  sea  level  of  about  200  m  and  is  located  on  Wisconsin  glacial 
till  in  the  Vermilion  River  Section  of  the  Wabash  Border  Division  (Schwegman  1973). 
The  hill  prairie  is  surrounded  by  dry,  immature  upland  oak-hickory  forests  on  the  ridges 
and  in  shallow  ravines  just  behind  the  exposed  bluff  (Anderson  1991;  Ebinger  and 
McClain  1991). 

The  heavily  eroded  prairie  soils  lacked  much  of  an  A  horizon,  were  well  drained,  low  in 
organic  content,  and  slightly  acidic.  Extensive  soil  slumping  has  occurred  on  the  steeper 
slopes  with  the  clay  subsoil  commonly  exposed,  while  continued  cutting  by  the  Middle 
Fork  of  the  Vermilion  River  caused  continued  soil  loss  from  the  bluff  face  and  base  of  the 
prairie.  Many  gravel-sized  pebbles  and  a  few  stones  were  imbedded  in  the  soils.  The  cli¬ 
mate  is  continental  and  characterized  by  hot,  humid  summers  and  cold  winters.  Precipita¬ 
tion  averages  104.0  cm,  with  June  having  the  highest  rainfall  (11.9  cm).  Mean  annual 
temperature  is  11.4°  C,  the  hottest  month  being  July  (average  of  24.1°  C),  the  coldest 
being  January  (average  of -3 .4°  C).  The  average  number  of  frost-free  days  is  169  (Mid¬ 
western  Regional  Climate  Center  2007). 
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MATERIALS  AND  METHODS 

Windfall  hill  prairie  was  visited  every  3-4  weeks  during  the  2005  and  2006  growing  sea¬ 
sons.  During  each  trip,  all  flowering  or  fruiting  species  encountered  were  collected  and 
voucher  specimens  were  deposited  in  the  Stover-Ebinger  Herbarium  of  Eastern  Illinois 
University,  Charleston,  Illinois  (EIU).  Nomenclature  follows  Mohlenbrock  (2002)  and 
the  assignment  of  non-native  status  was  determined  using  Taft  et  al.  (1997)  and  Mohlen¬ 
brock  (2002). 

Ground-layer  species  were  analyzed  in  early  September  2005  using  m^  plots  located  at  1 
m  intervals  along  two  randomly  placed  25  m  transects  oriented  perpendicular  to  the  slope 
(n=25/transect).  Even-numbered  plots  were  placed  to  the  right,  odd-numbered  to  the  left. 
Herbaceous  species,  shrubs,  and  tree  seedlings  to  0.4  m  in  height  were  included  in  the 
sampling.  Percent  cover  for  each  species,  as  well  as  for  bare  ground  and  litter,  were 
determined  by  using  the  Daubenmire  (1959)  cover  class  system  as  modified  by  Bailey 
and  Poulton  (1968)  (class  1  =  0-1%,  class  2  =  2-5%,  class  3  =  6-25%,  class  4  =  26-50%, 
class  5  =  51-75%,  class  6  =  76-95%,  and  class  7  =  96-100%).  Mean  cover,  relative  cover, 
frequency  (%),  relative  frequency,  and  importance  value  (IV)  were  determined  for  each 
species.  As  used  here,  IV  is  the  sum  of  the  relative  frequency  and  relative  cover. 

Eloristic  Quality  Index  (FQI)  of  the  site  was  determined  using  the  coefficient  of  conser¬ 
vatism  (CC)  assigned  to  each  species  by  Taft  et  al.  (1997).  For  each  species  in  the  Illinois 
flora,  the  CC  was  determined  by  subjectively  assigning  an  integer  from  0  to  10,  based  on 
its  tolerance  to  disturbance  and  its  fidelity  to  habitat  integrity.  FQI  is  a  weighted  index  of 
species  richness  (N  =  number  of  species  present),  and  is  the  arithmetic  product  of  average 
coefficient  of  conservatism  (C- Value  =  the  average  of  all  species  CCs)  multiplied  by 
square  root  of  the  species  richness  (ON):  FQI  =  C-Value  (ON).  Therefore,  FQI  indicates 
level  of  habitat  degradation  and  provides  an  assessment  of  the  quality  of  each  tract  based 
on  taxa  present.  It  is  particularly  useful  when  combined  with  quadrat-based  sampling 
methods  and  provides  a  way  of  making  quantitative  comparisons  among  sites. 

RESULTS 

A  total  of  107  species  representing  41  families  and  85  genera  was  documented  for 
Windfall  hill  prairie  (Appendix  I).  Fern-allies  and  gymnosperms  were  represented  by 
three  species.  Of  the  remainder,  85  were  dicots  in  33  families  and  67  genera,  and  20  were 
monocots  in  6  families  and  16  genera.  Of  these  totals,  16  were  woody  species  while  10 
were  exotic.  Predominant  plant  families  were  Asteraceae  with  28  species  and  Poaceae 
with  1 1  species.  FQI  for  this  site,  when  non-native  species  were  included,  was  41 .86  with 
a  mean  C-value  of  4.03;  with  non-native  species  excluded  from  the  calculations  FQI  was 
43.94  with  a  mean  C-value  of  4.44,  indicating  a  site  of  statewide  significance  (Taft  et  al. 
1997).  No  state  endangered  or  threatened  species  were  found  (Herkert  and  Ebinger  2002). 

Of  107  species  encountered,  50  were  recorded  in  the  plots  (Table  1).  Of  these,  Schizachy- 
rium  scoparium  (little  bluestem)  was  the  most  plentiful,  having  a  frequency  of  100%  and 
an  IV  of  24.6.  Sorghastrum  nutans  (Indian  grass)  and  Bouteloua  curtipendula  (side-oats 
grama)  were  second  and  third  in  importance  with  I  Vs  of  22.9  and  20.3  respectively. 
These  three  prairie  grasses  were  followed  in  importance  by  four  common  prairie  forbs  of 
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the  Asteraceae:  Aster  laevis  (smooth  aster),  Silphium  terebinthinaceiim  (prairie  dock), 
Solidago  nernoralis  (gray  goldenrod),  and  Coreopsis  tripteris  (tall  tickseed),  all  with  IVs 
greater  than  7.0  (Table  1).  Nearly  all  herbaceous  species  encountered  in  the  plots  were 
prairie  grasses  and  forbs  that  would  be  expected  in  a  high  quality  hill  prairie.  As  is  typical 
of  most  glacial  drift  hill  prairies,  the  extent  of  bare  ground  and  litter  was  relatively  high 
with  a  mean  cover  of  27.3%  (Table  1). 

Though  10  exotic  species  were  found  during  the  present  study,  only  Me li lotus  alba  (white 
sweet  clover)  and  Medicago  lupulina  (black  medic)  were  encountered  in  the  plots,  both 
with  low  IVs  (Table  1).  The  remaining  exotic  species  were  restricted  to  disturbed  habitats 
mostly  at  the  forest  edge.  No  exotic  shrubs  or  trees  were  encountered  in  the  plots,  but 
Elaeagnus  umbellata  (autumn  olive),  Rhamnus  cathartica  (common  buckthorn),  and 
Rosa  multiflora  (multiflora  rose)  were  occasionally  encountered  at  the  edges  of  the  prai¬ 
rie.  Other  woody  plants  observed  were  mostly  seedlings  of  native  forest  species,  some 
being  found  in  the  plots  (Table  1). 


DISCUSSION 

Windfall  prairie  is  similar  in  species  composition  to  other  glacial  drift  hill  prairies  in  east- 
central  Illinois.  Ebinger  (1981)  found  many  of  the  same  prairie  species  in  four  small  hill 
prairie  remnants  in  Coles  County.  One  of  these  hill  prairies  was  recently  studied  by 
Owens  and  Cole  (2003)  with  similar  results  but  the  size  of  the  hill  prairie  had  been 
greatly  reduced  by  woody  encroachment.  More  recently,  Owens  et  al.  (2006)  reported  a 
similar  species  composition  for  Coneflower  glacial  drift  hill  prairie  in  Moultrie  County. 
In  these  studies  generally  two  to  four  species  of  prairie  grasses  were  among  the  domi¬ 
nants  along  with  a  number  of  common  prairie  forbs,  including  many  members  of  the 
Asteraceae.  Generally  a  few  exotic  herbaceous  species  were  also  encountered,  usually  in 
low  numbers,  as  well  as  scattered  shrubs  and  tree  seedlings  and  saplings. 

While  sampling  the  glacial  drift  hill  prairies  in  east-central  Illinois,  Ebinger  (1981)  also 
studied  the  flora  of  Windfall  glacial  drift  hill  prairie.  In  that  study  (Ebinger  1981)  prairie 
grasses  found  were  the  same  as  in  the  present  study,  with  Sorghastum  nutans  the  domi¬ 
nant,  followed  by  Bouteloua  curtipendula  and  Schizachyrium  scoparium.  The  common 
prairie  forbs  were  similar,  but  differed  in  importance.  Silphium  terebinthinaceum,  Soli¬ 
dago  nernoralis,  and  Aster  laevis  were  dominant  species.  Coreopsis  tripteris  was  present, 
but  not  found  in  the  plots  during  the  original  study.  Other  forbs  that  were  commonly 
encountered  in  both  studies  were  Lithospermum  canescens,  Pedicularis  canadensis, 
Phlox  pilosa,  Thaspium  barbinode,  Comandra  umbellata,  Blephilia  ciliata,  Liatris  cylin- 
dracea,  Linum  sulcatum,  and  Chamaecrista  fasciculata.  Ebinger  (1981)  reported  the 
exotic  Melilotus  alba  as  being  common  (IV  of  7.1)  in  1977.  This  species  is  difficult  to 
eradicate  since  the  best  management  procedure  is  pulling  the  plants  before  fruit  develop¬ 
ment.  Presently  M.  alba  is  not  common  (IV  of  1 .2),  the  results  of  ongoing  management. 

Glacial  drift  hill  prairies  are  created  by  soil  slumping  on  steep  slopes  that  exposes  bare 
ground.  This  bare  ground  rapidly  succeeds  to  prairie  grasses  and  forbs.  Steep  slope,  clay 
soil,  and  xeric  conditions,  particularly  on  south-  and  southwest-facing  slopes,  initially 
prevented  the  establishment  of  woody  species.  Schizachyrium  scoparium  is  one  of  the 
early  invaders  on  these  sites  (Vestal  1918).  As  soil  organic  material  and  soil  stability 
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increases  over  time,  other  xeric  prairie  species  are  established.  Later,  woody  encroach¬ 
ment  occurs  along  the  edges  of  the  hill  prairie  and  rapidly  increases  in  extent  and  diver¬ 
sity,  slowly  eliminating  transient  hill  prairie  species.  This  woody  encroachment  proceeds 
relatively  slowly  at  first,  but  rapidly  increases  as  the  hill  prairie  decreases  in  size 
(McClain  and  Anderson  1990,  Robertson  et  al.  1995,  Schwartz  et  al.  1997). 

Removing  woody  and  exotic  forbs  will  be  necessary  to  maintain  Windfall  hill  prairie, 
which  could  rapidly  disappear  due  to  woody  encroachment.  McClain  and  Anderson 
(1990)  found  loess  hill  prairies  were  decreasing  in  size  due  to  woody  encroachment  and 
that  many  had  disappeared.  Later,  Schwartz  et  al.  (1997)  found  that  most  hill  prairies 
have  diminished  in  size  by  more  than  50%  since  1940,  with  many  of  the  smaller  ones 
being  eliminated.  At  Windfall  hill  prairie  numerous  large  individuals  of  Juniperus  vir- 
giniana,  along  with  understory  native  and  exotic  trees  and  shrubs  are  common  at  the 
prairie/forest  interface  along  with  some  woody  individuals  on  the  hill  prairie.  Periodically 
some  of  these  woody  species  have  been  removed  by  the  Illinois  Department  of  Natural 
Resources  and  volunteers.  Continued  maintenance  will  be  necessary  to  prevent  the  loss  of 
this  hill  prairie. 
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Table  1 .  Frequency  (%),  mean  cover  (%  of  total  area),  relative  frequency,  relative  cover, 
and  importance  value  (I.  V.)  of  ground  layer  species  at  Windfall  Prairie  Nature 
Preserve,  Vermilion  County,  Illinois.  Also  given  is  the  I.V.  of  the  species 
encountered  during  the  earlier  study  during  the  growing  season  of  1977  (Ebin- 
ger  1981).  (*exotic  species) 


Species 

Freq.  Mean  Cover 

Rel.  Freq. 

Rel.  Cover  I. 

V.2006  I. 

V. 1977* 

Schizachyriiim  scop  ahum 

100 

13.19 

7.1 

17.5 

24.6 

7.0 

Sorghastrum  nutans 

90 

12.43 

6.4 

16.5 

22.9 

29.6 

Bouteloua  curtipendula 

94 

10.36 

6.6 

13.7 

20.3 

10.4 

Aster  laevis 

94 

8.28 

6.6 

11.0 

17.6 

4.5 

Silphium  terebinthinaceum 

64 

7.82 

4.5 

10.4 

14.9 

16.0 

Solidago  nemoralis 

70 

2.75 

5.0 

3.6 

8.6 

13.0 

Coreopsis  tripteris 

46 

3.05 

3.3 

4.0 

7.3 

— 

Lithospermum  canescens 

76 

1.03 

5.4 

1.4 

6.8 

5.4 

Pedicularis  canadensis 

32 

3.31 

2.3 

4.4 

6.7 

6.6 

Phlox  pilosa 

74 

1.06 

5.2 

1.4 

6.6 

4.0 

Car  ex  spp. 

50 

2.20 

3.5 

2.9 

6.4 

— 

Thaspium  barbinode 

62 

1.20 

4.4 

1.6 

6.0 

10.6 

Comandra  umbellata 

44 

1.10 

3.1 

1.5 

4.6 

10.7 

Liatris  cylindracea 

58 

0.39 

4.1 

0.5 

4.6 

15.6 

Blephelia  ciliata 

44 

0.77 

3.1 

1.0 

4.1 

6.8 

Linum  sulcatum 

48 

0.24 

3.4 

0.3 

3.7 

8.1 

Rudbeckia  hirta 

28 

1.12 

2.0 

1.5 

3.5 

— 

Rosa  Carolina 

34 

0.42 

2.4 

0.6 

3.0 

5.0 

Dichanthelium  acuminatum 

28 

0.49 

2.0 

0.6 

2.6 

-- 

Chamaecrista  fasciculata 

22 

0.60 

1.6 

0.8 

2.4 

6.5 

Lobelia  spicata 

28 

0.19 

2.0 

0.3 

2.3 

2.7 

Juniperus  virginiana 

26 

0.13 

1.8 

0.2 

2.0 

5.5 

Equisetum  hyemale 

22 

0.16 

1.6 

0.2 

1.8 

7.0 

Sisyrinchium  albidum 

18 

0.09 

1.3 

0.1 

1.4 

1.0 

Ostrya  virginiana 

10 

0.44 

0.7 

0.6 

1.3 

— 

Silphium  integrifolium 

10 

0.49 

0.7 

0.6 

1.3 

— 

Lactuca  floridana 

8 

0.48 

0.6 

0.6 

1.2 

— 

Lysimachia  quadriflora 

14 

0.12 

1.0 

0.2 

1.2 

— 

*Melilotus  alba 

16 

0.08 

1.1 

0.1 

1.2 

7.1 

Parthenium  integrifolium 

8 

0.48 

0.6 

0.6 

1.2 

1.8 

Lespedeza  virginica 

12 

0.16 

0.8 

0.2 

1.0 

2.2 

Euphorbia  corollata 

12 

0.11 

0.8 

0.1 

0.9 

1.9 

Agalinis  tenuifolia 

10 

0.05 

0.7 

0.1 

0.8 

3.7 

Polygala  verticillata 

10 

0.05 

0.7 

0.1 

0.8 

2.3 

Antennaria  plantaginifolia 

8 

0.09 

0.6 

0.1 

0.7 

— 

Others  ** 

0.62 

3.4 

0.7 

4.1 

5.0 

Totals 

Average  bare  ground  and  litter 

75.52 

27.31 

100.0 

100.0 

200.0 

200.0 

*  The  Importance  Value  obtained  in  1977  was  based  on  the  sum  of  relative  density  and 


relative  frequency  (Ebinger  1981). 

**  15  additional  species  were  encountered  in  2006  while  7  were  tallied  in  1977. 
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APPENDIX  I. 

Vascular  plant  species  encountered  at  Windfall  Prairie  Nature  Preserve,  Vermilion,  Illi¬ 
nois,  are  listed  alphabetically  by  family  under  major  plant  groups.  An  asterisk  indicates 
exotic  (non-native)  species.  Collecting  numbers  preceded  by  an  E  were  collected  by  John 
E.  Ebinger  those  preceded  by  an  O  were  collected  by  Nick  Owens.  Both  are  deposited  in 
the  Stover-Ebinger  Herbarium,  Eastern  Illinois  University,  Charleston,  Illinois  (EIU).  Six 
species  were  observed  but  not  collected.  (*exotic  species) 


FERN  AND  FERN-ALLIES 

Equisteaceae 

Equisetum  arvense  L.:  093 
Equisetum  hyemale  L.:  El 6453 

GYMNOSPERMS 

Cupressaaceae 

Jimiperus  virginiana  L.:  E32178 

MONOCOTS 

Amaryllidaceae 

Hypoxis  hirsuta  (L.)  Coville:  0131 
Cyperaceae 

Car  ex  blanda  Dewey:  E32134 
Carex  glaucodea  Tuckerm.:  E32131 
Carex  hirsutella  Mack.:  El 6381 
Carex  pensylvanica  Lam.:  0175 

Iridaceae 

Sisyrinchium  albidum  Raf.:  0136 
Liliaceae 

Allium  canadense  L.:  0145 
Polygonatum  biflorum  (Walt.)  Ell.:  E32128 

Orchidaceae 

Spiranthes  cernua  (L.)  Rich:  01 10 
Poaceae 

Agrostis  hyemalis  (Walt.)  BSP.:  0105 
Andropogon  gerardii  Vitman:  0149 
Bouteloua  curtipendula  (Michx.)  Torr.: 

El 6449 

Brachyelytrum  erectum  (Roth.)  P.  Beauv.: 
0102 

Danthonia  spicata  (L.)  Roem.  &  Schultes: 
E32129 

Dichanthelium  acuminatum  (Sw.)  Gould  & 
Clark:  observed 

Muhlenbergia  tenuiflora  (Willd.)  BSP.: 
OlOl 

*Poa  compressa  L.:  0107 
pratensis  L.:  E32130 


Schizachyrium  scoparium  (Michx.)  Nash: 
087 

Sorghastrum  nutans  (L.)  Nash:  0127 

DICOTS 

Aceraceae 

Acer  saccharum  Marsh.:  E32182 
Apiaceae 

Oxypolis  rigidior  (L.)  Raf.:  OlOO 
Sanicula  odorata  Pryer  &  Phillippe:  0133 
Thaspium  barbinode  (Michx.)  Nutt.:  092 

Apocynaceae 

Apocynum  androsaemifolium  L.:  E16383 

Asclepiadaceae 
Asclepias  tuberosa  L.:  El 6368 
Asclepias  verticillata  L.:  E32184 
Asclepias  viridiflora  Raf.:  El 6369 

Asteraceae 

Ageratina  altissima  (L.)  King  &  Robins.: 
089 

Antennaria  plantaginifolia  (L.)  Hook.: 
E32137 

Aster  laevis  L.:  El 6944 
Aster  novae-angliae  L.:  095 
Aster  oolentangiensis  Riddell:  0121 
Aster  pilosus  Willd.:  098 
Bidens  aristosa  (Michx.)  Britt.:  0152 
Coreopsis  tripteris  L.:  El 6459 
Echinacea  pallida  (Nutt.)  Nutt.:  E16367 
Erigeron  strigosus  Muhl.:  El 6364 
Eupatorium  altissimum  L.:  01 14 
Heliopsis  helianthoides  (L.)  Sweet:  0153 
Krigia  biflora  (Walt.)  Blake:  E32139 
Lactuca  floridana  (L.)  Gaertn.:  observed 
^Leucanthemum  vulgare  Lam.:  E32140 
Liatris  cylindracea  Michx.:  0128 
Liatris  pycnostachya  Michx.:  E32180 
Oligoneuron  riddellii  (Frank)  Rydb.:  088 
Parthenium  integrifolium  L.:  01 1 1 
Prenanthes  alba  L.:  0115 
Ratibida  pinnata  (Vent.)  Barnh.:  0146 
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Rudbeckia  hirta  L.:  0120 
Silphium  integrifolium  Michx.:  0126 
Silphiiim  terehinthinaceum  Jacq.;  observed 
Solidago  caesia  L.:  0104 
Solidago  nemoralis  Ait.:  0119 
Solidago  ulmifolia  Muhl.:  0103 

Boraginaceae 

Lithospermum  canescens  (Michx.)  Lehm.: 
0132 

Brassicaceae 

*Barbarea  vulgaris  R.  Br.;  0144 

Caesalpiniaceae 
Cercis  canadensis  L.:  0109 
Chamaecrista  fasciculata  (Michx.)  Greene: 
0117 

Campanulaceae 

Lobelia  spicata  Lam.:  0116 

Celastraceae 

Celastrus  scandens  L.:  E32141 
Convolvulaceae 

Calystegia  spithamaea  (L.)  Pursh:  E32142 
Comaceae 

Cornus  florida  L.:  090 
Corylaceae 

Ostrya  virginiana  (Mill.)  K.  Koch:  E32181 
Elaeagnaceae 

*Elaeagnus  umbellata  Thunb.:  0112 
Euphorbiaceae 

Euphorbia  corollata  L.:  El 6372 
Fabaceae 

Amorpha  canescens  Pursh:  El 6371 
Dalea  purpurea  Vent.:  El 6451 
Lespedeza  virginica  (L.)  Britt.:  E16452 
^Medicago  lupulina  L.:  0150 
*Melilotus  alba  Medic.:  0129 
"^Melilotus  ojficinalis  (L.)  Pallas.:  El 6370 

Fagaceae 

Quercus  imbricaria  Michx.:  E32179 
Quercus  velutina  Lam.:  observed 

Gentianaceae 

Gentianella  quinquefolia  (L.)  Small:  0148 
Grossulariaceae 

Ribes  missouriense  Nutt.:  E32144 


Lamiaceae 

Blephelia  ciliata  (L.)  Bernh.:  El 6379 
Prunella  vulgaris  L.:  099 
Pycnanthemum  tenuifolium  Schrad.:  0147 
Pycnanthemum  virginianum  (L.)  Dur.  & 
B.D.  Jacks.:  096 

Linaceae 

Linum  sulcatum  Riddell:  El 6454 
Plantaginaceae 

Plantago  rugelii  Decne.:  0106 

Polemoniaceae 

Phlox  divaricata  L.:  0134 

Phlox pilosa  L.:  El 6378 

Polygalaceae 

Polygala  verticillata  L.:  observed 
Portulacaceae 

Claytonia  virginica  L.:  0130 
Primulaceae 

Lysimachia  quadriflora  Sims:  094 
Ranunculaceae 

Aquilegia  canadensis  L.:  0139 
Rhamnaceae 

*Rhamnus  cathartica  L.:  E32146 
Rosaceae 

Eragaria  virginiana  Duchesne:  observed 
Potentilla  simplex  Michx.:  0142 
Rosa  Carolina  L.:  0125 
*Rosa  multiflora  Thunb.:  E32147 
Rubus  flagellaris  Willd.:  E32149 
Rubus  pensilvanicus  Poir.:  E32148 
Rubus  occidentalis  L.:  E32150 

Rubiaceae 

Galium  aparine  L.:  0151 
Galium  circaezans  Michx.:  E16376 

Santalaceae 

Comandra  umbellata  (L.)  Nutt.:  0122 
Scrophulariaceae 

Agalinis  tenuifolia  (Vahl)  Raf.:  El 6455 
Castilleja  coccinea  (L.)  Spreng.:  El 6374 
Pedicularis  canadensis  L.:  0141 
Penstemon  digitalis  Nutt.:  E32151 

Violaceae 

Viola  sororia  L.:  0135 
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ABSTRACT 

Wildcat  Hollow  State  Forest  is  a  283  ha  tract  that  contains  a  number  of  plant  communi¬ 
ties  including:  dry-mesic  upland  forest,  wet-mesic  floodplain  forest,  cliff  communities,  a 
successional  field,  prairie  reconstructions,  and  artificial  ponds.  We  quantitatively  sampled 
upland  dry-mesic  forest  communities.  The  forest  was  dominated  by  oaks  and  hickories 
with  Quercus  alba  (white  oak),  Q.  velutina  (black  oak),  Carya  ovata  (shagbark  hickory), 
and  C.  tomentosa  (mockernut  hickory)  the  dominant  species.  The  woody  understory  was 
dominated  by  shagbark  hickory  and  Ulmus  rubra  (slippery  elm),  which  accounted  for 
nearly  one-third  of  the  15,167  seedlings/ha.  Other  mesic  tree  species  were  common 
understory  species,  but  were  not  important  overstory  components.  A  vouchered  inventory 
included  518  species,  of  which  15  were  ferns  and  fern-allies,  2  gymnosperms,  360  dicots, 
and  141  monocots.  Exotic  species  were  represented  by  90  taxa,  17.3  %  of  the  flora. 

Key  Words:  dry-mesic  upland  forest,  Illinois,  Quercus,  Carya,  Ulmus. 


INTRODUCTION 

Since  the  settlement  of  the  Midwest  in  the  early  1800’s,  most  of  the  oak-hickory  domi¬ 
nated  forests  of  the  region  have  been  undergoing  extensive  changes  in  species  composi¬ 
tion  and  structure.  Soon  after  settlement  by  Europeans,  periodic  fires  all  but  ceased 
(McClain  and  Elzinga  1994).  The  reduction  in  fire  frequency  in  these  forests  has  com¬ 
pletely  altered  the  flora  of  many  forests,  woodlands,  and  savannas.  Savanna  and  wood¬ 
lands  became  closed-canopy  forests,  while  the  closed-canopy  forests  became  more  mesic. 
Overall,  this  resulted  in  an  increase  in  shade-tolerant,  fire-sensitive  tree  species,  a 
decrease  in  oak  regeneration,  a  subtle  change  in  understory  plant  species,  and  a  corre¬ 
sponding  loss  in  the  wildlife  depending  on  these  species  (Abrams  1992,  2005,  Anderson 
1991,  Ebinger  1986,  1997,  Ebinger  and  McClain  1991). 

In  many  Illinois  forests,  Acer  saccharum  (sugar  maple)  has  increased  in  importance  in  the 
oak-hickory  forests  and  savannas  (Curtis  1959,  Abrams  1992,  2005).  These  changes  have 
been  accelerating  during  the  past  50  to  75  years.  If  this  trend  continues,  many  of  the  oak- 
hickory  forests,  their  understories,  and  the  wildlife  that  depends  upon  them  will  be  in 
serious  trouble.  Many  of  the  best  quality  oak-hickory  communities  are  undergoing  an 
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irreversible  change  as  sugar  maple  and  other  mesic,  shade-tolerant,  fire-sensitive  species 
replace  the  original  forest  components. 

Some  dry  to  dry-mesic  upland  forests  in  Illinois,  however,  have  maintained  much  of  their 
original  woody  composition,  with  various  species  of  oaks  and  hickories  maintaining  their 
dominance.  Also,  in  some  of  these  forests  mesic  species  do  not  dominate  the  understory, 
and  some  oak  regeneration  occurs.  Many  of  these  oak-hickory  forests,  which  still  contain 
some  of  their  pre-settlement  character,  are  located  on  the  Illinoian  till  plain  in  central 
Illinois.  Some  are  barrens  communities  (Taft  and  Solecki  2002,  Taft  2003,  Edgin  et  al. 
2004);  others  are  flatwoods  communities  (Taft  et  al.  1995,  Edgin  et  al.  2003),  while  oth¬ 
ers  are  upland  dry  to  dry-mesic  forests  (Ebinger  1982,  Ebinger  and  Newman  1984,  Feist 
et  al.  2004).  The  purpose  of  our  study  was  to  quantitatively  sample  the  vegetation  of  the 
dry-mesic  upland  forest  at  Wildcat  Hollow  State  Forest,  and  compare  the  results  to  other 
forest  communities  in  east-central  Illinois.  Also  a  vouchered  inventory  of  the  vascular 
plant  species  was  completed. 

DESCRIPTION  OF  THE  STUDY  AREA 

Wildcat  Hollow  State  Forest  is  a  283  ha  tract  located  in  Effingham  County,  Illinois,  about 
3  miles  north  of  Mason  (S2,  3,  11  T6N,  R5E;  38°59T0"N  88°36'30"W).  An  initial  hold¬ 
ing  of  113  ha  was  transferred  from  the  Illinois  Department  of  Transportation  to  the  Illi¬ 
nois  Department  of  Natural  Resources  in  1972.  Since  that  time,  additional  acquisitions 
have  increased  the  extent  of  the  state  forest  to  its  current  size.  Wildcat  Hollow  contains  a 
number  of  natural  and  anthropogenic  communities  including  dry-mesic  upland  forest, 
mesic  upland  forest,  wet-mesic  floodplain  forest,  successional  old-fields,  prairie  recon¬ 
structions,  sandstone  cliffs  and  springs  communities,  a  pine  plantation,  and  artificial 
ponds. 

Located  at  an  elevation  of  about  180  m  above  sea  level  on  Illinoian  till.  Wildcat  Hollow 
is  about  40  km  S  of  the  terminal  moraine  of  Wisconsin  glaciation,  in  the  Effingham  Sec¬ 
tion  of  the  Southern  Till  Plain  Natural  Division  (Schwegman  1973).  The  pre-settlement 
vegetation  of  most  of  the  more  level  uplands  of  this  division  was  dry  to  wet,  tallgrass 
prairie,  while  in  the  dissected  stream  valleys  and  hilly  morainal  areas,  the  vegetation  was 
dominated  by  savanna,  woodland,  and  forest  (Anderson  1991;  Ebinger  and  McClain 
1991). 

The  east/west  oriented  Fulfer  Creek  is  near  the  northern  edge  of  Wildcat  Hollow.  The 
north/south  oriented  ravines  feed  into  Fulfer  Creek  with  the  largest  being  about  15  m 
deep  and  65-75  m  wide.  These  steep-sided  ravines  support  a  mesic  forest  of  sugar  maple, 
Fraxinus  americana  (white  ash),  and  Platanus  occidentalis  (sycamore),  the  largest  trees 
about  75  cm  dbh.  The  steep  slopes  of  these  ravines  support  Polystichum  acrostichoides 
(Christmas  fern)  in  abundance,  and  the  nearly  vertical  sandstone  cliffs  contain  Asplenium 
rhizophyllum  (walking  fern)  and  Cystopteris  bulbifera  (bladder  fern). 

Most  of  the  flat  uplands  of  the  preserve  were  cultivated  in  the  past.  Two  small  fields  are 
now  prairie  reconstructions,  each  between  1  and  2  ha  in  size,  the  others  successional  old- 
fields.  Based  on  soil  characteristics,  one  of  the  old  fields  may  have  originally  been  a 
Quercus  palustris  (pin  oak)  flatwoods.  Much  of  the  remaining  upland,  particularly  in 
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areas  where  there  is  some  topographic  relief,  mature  second  growth  dry  to  mesic  upland 
forest  dominates. 

The  soils  of  the  upland  at  Wildcat  Hollow  are  classified  as  Bluford  and  Ava  silt  loam 
(Await  1991).  These  soils  are  highly  eroded  with  little  of  the  original  A  horizon  present, 
are  well  drained,  low  in  organic  content,  and  slightly  acid.  The  soils  of  the  steep  slopes 
are  hickory  silt  loam,  with  extensive  soil  slumping  and  exposed  clayey  subsoil.  Loess 
deposits  originally  covered  these  soils  but  have  been  eroded  away  (Leeper  and  Gotsch 
1998). 

Based  on  weather  records  from  1971-2000  at  Effingham  (Effingham  County  Memorial 
Airport,  14  km  to  the  NNE).  annual  precipitation  averaged  97.5  cm,  with  July  having  the 
highest  rainfall  (1 1 .4  cm).  Mean  annual  temperature  was  1 1 .6°  C,  the  hottest  month  being 
July  (average  of  24.6°  C),  the  coldest  being  January  (average  of  -3.2°  C).  The  average 
number  of  frost-free  days  was  186  (Midwestern  Regional  Climate  Center  2005). 

Few  previous  botanical  studies  have  been  completely  in  this  state  forest.  Illinois  Natural 
History  Survey  botanist,  Dr.  Robert  Evers,  visited  the  site  and  collected  90  species  (6 
June  1967).  In  1979  members  of  the  Illinois  Natural  Areas  Inventory  reported  74  vascular 
plant  species  with  64  being  woody  (White  1979).  No  quantitative  data  were  collected  and 
the  survey  apparently  did  not  include  the  sandstone  cliffs  or  ravines. 

MATERIAL  AND  METHODS 

A  list  of  vascular  plant  species  occurring  within  the  boundaries  of  the  state  forest  was 
completed  and  voucher  specimens  collected  (Appendix  I).  Specimens  have  been  depos¬ 
ited  in  the  Stover-Ebinger  Herbarium  at  Eastern  Illinois  University  (EIU)  with  numerous 
duplicates  at  the  Illinois  Natural  History  Survey  (ILLS)  and  the  Missouri  Botanical  Gar¬ 
den  (MO).  Nomenclature  follows  Mohlenbrock  (2002).  Bob  Edgin  collected  on  the  site  in 
2000  and  2001,  while  during  the  2003  through  2006  field  seasons  Gordon  Tucker  visited 
the  area,  sometimes  in  company  with  John  Ebinger,  students  from  Eastern  Illinois  Uni¬ 
versity,  and  personnel  from  the  Illinois  Department  of  Natural  Resources.  Specimens 
were  collected  every  3-4  weeks  throughout  the  growing  season.  The  1967  collections  by 
Robert  Evers  (ILLS)  were  examined  and  included  in  the  vouchered  list. 

In  the  summer  of  2005  the  overstory  of  the  mature  second  growth  dry-mesic  upland  for¬ 
est  was  sampled  using  0.03  ha  circular  plots  established  at  30  m  intervals  along  two 
north/south  transects  (30  plots).  In  each  plot  all  living  individuals  <10.0  cm  dbh  were 
identified  and  their  diameters  recorded  (Table  1).  Living-stem  density  (stems/ha),  basal 
area  (m%a),  relative  density,  relative  dominance  (basal  area),  importance  value  (IV),  and 
average  diameter  (cm)  were  calculated  for  each  species.  Determination  of  IV  follows 
McIntosh  (1957)  and  is  the  sum  of  the  relative  density  and  relative  dominance.  The 
woody  understory  composition  and  density  (stems/ha)  were  determined  using  nested  cir¬ 
cular  plots  0.0001 , 0.001 ,  and  0.01  ha  in  size  located  at  each  center  point  of  the  overstory 
plot  (Table  2).  Eour  additional  0.0001  ha  circular  plots  were  located  7  m  from  the  center 
points  of  each  plot  center  along  cardinal  compass  directions.  In  the  0.0001  ha  plots, 
woody  seedlings  and  shrubs  (<50  cm  tall)  were  counted;  in  the  0.001  ha  circular  plots 
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small  saplings  and  shrubs  (>50  cm  tall  and  <2.5  cm  dbh)  were  recorded;  and  in  the  0.01 
ha  circular  plots  large  saplings  and  shrubs  (2.5-9 .9  cm  dbh)  were  tallied. 

RESULTS 

A  total  of  518  species  within  316  genera  and  108  families  was  documented  for  Wildcat 
Hollow.  Of  these,  15  were  ferns  and  fern-allies,  2  gymnosperms,  360  dicots  in  239  genera 
and  85  families,  and  141  monocots  in  63  genera  and  13  families  (Appendix  I).  Exotic 
species  were  represented  by  90  taxa,  17.3  %  of  the  flora.  No  endangered  or  threatened 
species  were  encountered  (Herkert  and  Ebinger  2002).  The  predominant  plant  families 
were  Poaceae  (69  species),  Asteraceae  (73),  Cyperaceae  (33),  Fabaceae  (33),  and 
Rosaceae  (27).  Of  the  90  species  collected  by  Dr.  Robert  Evers,  we  located  and  re-col¬ 
lected  76. 

In  the  forest  survey  of  the  dry-mesic  upland  forest  26  woody  species  were  encountered  in 
the  overstory  and  understory  plots,  of  which  seven  were  understory  trees  and  shrubs.  Tree 
density  averaged  291  stems/ha,  while  total  basal  area  averaged  29.127  mVha  (Table  1). 
Quercus  alba  (white  oak)  dominated  the  overstory  with  an  IV  of  88.8,  accounted  for 
nearly  half  of  the  total  basal  area,  dominated  the  larger  diameter  classes,  and  averaged 
37.8  cm  dbh.  Second  in  IV,  Quercus  velutina  (black  oak),  accounted  for  one-third  of  the 
basal  area  (8.138  mVha),  was  common  in  the  larger  diameter  classes,  and  averaged  44.2 
cm  dbh.  Two  species  of  hickory,  Carya  ovata  (shagbark  hickory),  and  C.  tomentosa 
(mockernut  hickory),  were  third  and  fourth  in  IV  respectively  (IV  of  25.4  and  25.2).  All 
other  species  encountered  had  I  Vs  of  3  or  lower,  and  were  minor  overstory  components. 

The  woody  understory  seedling  layer  was  dominated  by  various  species  of  oaks  and 
hickories,  and  along  with  Ulmus  rubra  (slippery  elm)  and  Sassafras  albidum  (sassafras), 
accounted  for  more  than  one-third  of  the  15,166  seedlings/ha  (Table  2).  Though  not 
recorded  in  the  overstory,  Ulmus  rubra  was  second  in  seedlings  and  common  in  the  sap¬ 
ling  layers  where  it  accounted  for  nearly  500  stems/ha,  the  majority  being  root-sprouts 
(Davis  et  al.  1997).  Overall,  oaks  were  common  in  the  seedling  layer  (3416  stems/ha),  but 
relatively  few  individuals  were  present  in  the  sapling  layers  (215  stems/ha).  Hickories,  in 
contrast,  were  well  represented  in  the  seedling  layer  (3800  stems/ha),  and  relatively 
common  in  the  sapling  layers  (1158  stems/ha).  Mesic  species,  such  as  white  ash  and 
sugar  maple,  were  found  in  the  seedling  and  sapling  layers  but  were  absent,  or  poorly 
represented  in  the  overstory  (Table  1). 

DISCUSSION 

The  dry-mesic  upland  forest  at  Wildcat  Hollow  is  probably  similar  in  species  composi¬ 
tion  to  forests  of  early  settlement  times.  In  the  prairie  peninsula  (Transeau  1935)  of  the 
early  1800s,  oak-hickory  savanna,  woodland,  and  forest  covered  about  40%  of  the  land 
surface  (Ebinger  and  McClain  1991,  Anderson  1991).  Topographic  relief  and  the  inten¬ 
sity  and  frequency  of  fires  were  important  in  controlling  the  pre-settlement  distribution  of 
these  forests.  Usually  prairie  vegetation  was  on  flat  to  gently  sloping  ground;  savanna, 
woodland,  and  forest  were  mostly  in  dissected  area,  or  on  the  uplands  to  the  east  and 
south  of  dissected  lands  (Gleason  1913).  This  segregation  occurred  because  dissected 
landscapes  do  not  readily  carry  fire  since  well-developed  drainage  systems  with  perma- 
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nent  streams  are  excellent  firebreaks.  In  addition,  fires  in  hilly  areas  tend  to  move  up 
slope  relatively  rapidly  due  to  rising  convection  air  currents,  but  convection  currents 
work  against  fires  when  they  move  down  hill,  not  uncommonly  causing  it  to  burn  out 
(Anderson  1991). 

With  the  cessation  of  fires  most  of  the  oak  savannas,  woodlands,  and  forests  have  become 
closed  forests  that  are  more  mesic  than  in  early  settlement  times  (Curtis  1959,  Anderson 
1983,  Ebinger  and  McClain  1991).  Presently,  this  change  has  not  occurred  at  Wildcat 
Hollow,  and  a  few  similar  forests  on  the  Illinoian  till  plain  in  east-central  Illinois  (Table 
3).  Though  the  canopies  of  these  forests  are  probably  more  closed  than  their  pre-settle¬ 
ment  counterparts,  the  dominant  species  of  the  overstory  of  these  present-day  forests  are 
still  oaks  and  hickories  and  some  oak  and  hickory  reproduction  is  presently  taking  place. 

Dry  to  dry-mesic  upland  forests  at  Wildcat  Hollow,  as  well  as  at  other  forests  on  Illinoian 
till  located  near  Wildcat  Hollow  in  east-central  Illinois  have  similar  structures,  and  show 
similar  successional  trends.  Toledo  Woods  (Ebinger  and  Newman  1984),  Rock  Cave 
Nature  Preserve  (Ebinger  1982),  and  Dean  Hills  Nature  Preserve  (Feist  et  al.  2004),  all 
within  50  km  of  Wildcat  Hollow,  were  dominated  by  oaks  and  hickories  (Table  3).  Also, 
oak  and  hickory  seedlings  were  common  in  the  understory,  and  sapling  and  smaller 
diameter  oaks  and  hickories  were  common.  In  these  woods  more  mesic  species  were 
entering  the  understory,  and  sometimes  the  canopy  (Table  3).  On  very  dry  sites,  like 
those  in  the  uplands  of  Rock  Cave  Nature  Preserve,  mesic  species  were  rare,  and  oaks 
and  hickories  were  the  only  species  present,  dominating  the  smaller  diameter  classes 
(Ebinger  1982).  More  commonly,  however,  some  mesic  species  (maples,  elms,  and 
ashes)  were  important  understory  species  and  were  occasionally  entering  the  overstory. 
With  time,  the  overstories  of  these  forests  will  be  similar  to  the  mesic  upland  forests 
presently  found  at  Rock  Cave  and  Dean  Hills  Nature  Preserves,  where  sugar  maple  has 
become  the  dominant  overstory  species  (Table  3).  Only  with  proper  management  will  the 
oak-hickory  forest  similar  to  those  of  pre-settlement  times  be  maintained.  This  will 
mostly  involve  the  regular  use  of  management  fires  along  with  some  cutting  to  maintain 
an  open  canopy  so  that  oak  reproduction  will  increase. 

There  is  very  little  published  data  on  the  composition  of  prairie  reconstructions  on  Illi¬ 
noian  till  in  east-central  Illinois.  Investigations  by  Kessler  et  al.  (2001)  at  Prairie  Ridge 
State  Natural  Area,  some  50  km  to  the  east  in  Jasper  County,  reported  the  dominant  spe¬ 
cies  as  Solidago  canadensis,  Sorghastrum  nutans  (Indian  grass),  Andropogon  gerardii 
(big  bluestem),  and  Schizachyrium  scoparium  (little  bluestem).  This  composition  is 
similar  to  the  successional  old-field  and  prairie  reconstructions  at  Wildcat  Hollow.  In  the 
prairie  reconstructions  at  Wildcat  Hollow  Solidago  canadensis  (Canada  goldenrod)  was 
the  most  obvious  species  in  late  summer.  Indian  grass  and  big  bluestem,  and  little 
bluestem  were  the  next  most  obvious  taxa.  Other  common  prairie  species  including  Soli¬ 
dago  nemoralis  (gray  goldenrod),  Fragaria  virginiana  (wild  strawberry),  Desmanthus 
illinoensis  (bundleflower),  and  Pycnanthemum  tenuifolium  (slender  mountain  mint). 
Along  with  Canada  goldenrod,  the  Eurasian,  cool-season  grasses  were  important  compo¬ 
nents  of  the  successional  old-field  with  Phleum  pratense  (timothy),  Bromus  inermis 
(awnless  brome),  and  Poa  pratensis  (Kentucky  bluegrass)  being  the  most  common. 
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Table  1.  Densities  by  diameter  classes  (stems/ha),  total  density  (stems/ha),  basal  areas 
(m^/ha),  relative  values,  importance  values  and  average  diameters  of  woody 
species  in  the  upland  forest  at  Wildcat  Hollow  State  Forest,  Effingham  County, 
Illinois. 


Species 

10-19 

Diameter  Classes  (cm) 

20-29  30-39  40-49 

50+ 

Total 

#lha 

Basal 

Area 

m^/ha 

Rel. 

Den. 

Rel. 

Dom. 

TV. 

Avg. 

Diam 

(cm) 

Quercus  alba 

12.2 

23.3 

32.2 

23.3 

21.1 

112.1 

14.711 

38.3 

50.5 

88.8 

37.8 

Quercus  velutina 

— 

3.3 

11.1 

24.4 

12.2 

51.0 

8.138 

17.5 

27.9 

45.4 

44.2 

Carya  ovata 

14.4 

14.4 

10.0 

6.7 

— 

45.5 

2.864 

15.6 

9.8 

25.4 

25.2 

Carya  tomentosa 

24.4 

24.4 

1.1 

2.2 

— 

52.1 

2.132 

17.9 

7.3 

25.2 

21.4 

Quercus  rubra 

— 

1.1 

1.1 

2.2 

— 

4.4 

0.458 

1.5 

1.6 

3.1 

35.8 

Prunus  serotina 

4.4 

2.2 

— 

— 

— 

6.6 

0.191 

2.3 

0.7 

3.0 

18.5 

Comus  florida 

6.7 

— 

— 

— 

— 

6.7 

0.072 

2.3 

0.3 

2.6 

11.8 

Sassafras  albidum 

5.6 

— 

— 

— 

— 

5.6 

0.067 

1.9 

0.2 

2.1 

12.2 

Acer  saccharum 

1.1 

— 

2.2 

— 

— 

3.3 

0.188 

1.1 

0.7 

1.8 

25.6 

Quercus  stellata 

— 

— 

— 

1.1 

— 

1.1 

0.210 

0.4 

0.7 

1.1 

49.0 

Carya  glabra 

— 

1.1 

— 

— 

— 

1.1 

0.038 

0.4 

0.1 

0.5 

20.9 

Morus  rubra 

1.1 

— 

— 

— 

— 

1.1 

0.020 

0.4 

0.1 

0.5 

15.1 

Fraxinus  lanceolata 

— 

1.1 

— 

— 

— 

1.1 

0.038 

0.4 

0.1 

0.5 

20.9 

Totals 

69.9 

70.9 

57.7 

59.9 

33.3 

291.7 

29.127 

100.0 

100.0 

200.0 
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Table  2.  Density  (stems/ha)  of  woody  seedlings,  small  saplings,  and  large  saplings 
encountered  in  the  upland  forest  at  Wildcat  Hollow  State  Forest,  Effingham 
County,  Illinois. 


Species _ Seedlings _ Small  Saplings  Large  Saplings 


Carya  ovata 

2166.7 

258.3 

26.6 

Ulmus  rubra 

1583.3 

475.0 

23.3 

Quercus  alba 

1583.3 

100.0 

23.3 

Quercus  velutina 

1500.0 

75.0 

— 

Sassafras  albidum 

1500.0 

141.7 

46.7 

Fraxinus  americana 

1083.3 

500.0 

43.3 

Carya  tomentosa 

916.7 

800.0 

40.0 

Amelanchier  arborea 

916.7 

50.0 

10.0 

Prunus  serotina 

666.7 

50.0 

33.3 

Asimina  triloba 

500.0 

516.7 

40.0 

Ostrya  virginiana 

500.0 

91.7 

30.0 

Carya  glabra 

500.0 

16.7 

3.3 

Celtis  occidentalis 

416.7 

— 

— 

Acer  saccharum 

333.3 

316.7 

73.3 

Cornus  florida 

333.3 

75.0 

450.0 

Quercus  imbricaria 

333.3 

16.7 

— 

Ulmus  americana 

166.7 

58.3 

40.0 

Cercis  canadensis 

83.3 

— 

— 

Diospyros  virginiana 

83.3 

-- 

— 

Morus  rubra 

-- 

16.7 

— 

Carya  cordiformis 

— 

8.3 

6.7 

Acer  ginnala 

— 

8.3 

— 

Totals 

15166.6 

3575.1 

889.8 
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Tables.  Comparison  of  the  dry-mesic  to  mesic  upland  forest  community  at  Wildcat 
Hollow  State  Forest,  Effingham  County  with  nearby  forests  in  the  Southern  Till 
Plain  Natural  Division  using  Important  Values  from,  Toledo  Woods  Natural 
Area  (Ebinger  and  Newman  1984),  Rock  Cave  Nature  Preserve  (Ebinger 
1982),  and  Dean  Hills  Nature  Preserve  (Eeist  et  al.  2004).  The  importance 
value  determination  was  based  on  the  sum  of  relative  density  and  relative 
dominance. 


Species 

Wildcat 

Hollow 

Toledo 

Woods 

Rock  Cave 
dry  mesic 

Dean  Hills 
dry  mesic 

Quercus  alba 

88.8 

129.1 

122.8 

46.2 

98.9 

24.2 

Quercus  velutina 

45.4 

13.4 

52.1 

-- 

20.1 

2.9 

Carya  ovata 

25.4 

11.2 

1.8 

2.2 

1.8 

5.8 

Carya  tomentosa 

25.2 

9.5 

16.1 

— 

3.8 

— 

Quercus  rubra 

3.1 

7.6 

7.2 

9.9 

23.9 

40.4 

Prunus  serotina 

3.0 

— 

— 

— 

— 

— 

Cornus  florida 

2.6 

— 

— 

— 

2.0 

1.4 

Sassafras  albidum 

2.1 

— 

— 

3.2 

2.8 

3.2 

Acer  saccharum 

1.8 

9.8 

— 

53.5 

19.4 

74.5 

Quercus  stellata 

1.1 

-- 

— 

-- 

-- 

— 

Carya  glabra 

0.5 

1.8 

— 

2.2 

9.0 

6.0 

Morus  rubra 

0.5 

— 

— 

-- 

— 

— 

Fraxinus  spp. 

0.5 

6.1 

— 

11.5 

7.6 

8.9 

Ostrya  virginiana 

— 

1.9 

— 

— 

1.3 

2.6 

Carya  cordiformis 

— 

1.7 

— 

22.1 

0.4 

3.1 

Juglans  nigra 

— 

1.4 

— 

— 

1.0 

— 

Tilia  americana 

— 

— 

— 

19.4 

2.0 

12.7 

Platanus  occidentalis 

— 

— 

— 

10.1 

— 

— 

Quercus  muhlenbergii 

— 

— 

— 

8.2 

5.1 

— 

Ulmus  spp. 

— 

— 

— 

4.7 

0.9 

4.9 

Aesculus  glabra 

-- 

— 

-- 

— 

— 

3.5 

Others 

-- 

6.5 

-- 

6.8 

— 

5.9 

Totals 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 
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APPENDIX  1. 


Below  is  a  vouchered  list  of  the  vascular  flora  of  Wildcat  Hollow  State  Forest,  Effingham 
Co.,  Illinois  from  2000  to  2006.  Families,  genera,  and  species  are  arranged  alphabetically. 
Nomenclature  and  native  status  follows  Mohlenbrock  (2002).  Authorship  also  follows 
Mohlenbrock  (2002);  in  some  cases,  authorities  given  by  him  differ  from  those  in  other 
standard  floras,  e.g.,  Gleason  &  Cronquist  (1991)  and  Flora  of  North  America  Editorial 
Committee  (1993  onwards).  Exotic  taxa  are  preceded  by  an  asterisk.  Collection  numbers 
follow  each  species.  Collections  made  by  Bob  Edgin  are  preceded  by  E;  those  by  Tucker 
are  preceded  by  T.  All  specimens  are  deposited  at  EIU,  with  some  duplicates  at  ILLS, 
MO,  and  ISM.  Collections  by  Robert  A.  Evers,  all  made  on  6  June  1967,  are  deposited  at 
ILLS.  Species  that  were  observed,  but  not  collected,  are  indicated  by  obs. 


PTERIDOPHYTA 

ASPLENIACEAE 

Asplenium  platyneuron  (L.)  Oakes;  E401 1; 
Evers  90761 

Asplenium  rhizophyllum  L.;  T 14768 

DRYOPTERIDACEAE 
Cystopteris  bulbifera  (L.)  Bemh.;  T14766 
Cystopteris  protrusa  (Weatherby)  Blasdell; 
E4 182;  Evers  90765 

Deparia  acrostichoides  (Sw.)  M.  Kato;  obs. 
Dryopteris  marginalis  (L.)  A.  Gray;  E4012 
Polystichum  acrostichoides  (Michx.)  Schott; 

E40 13;  Evers  90772 
Woodsia  obtusa  (Spreng.)  Torr.;  E4713; 
Evers  90731 

EQUISETACEAE 
Equisetum  arvense  L.;  E4887 

LYCOPODIACEAE 

Huperzia  lucidula  (Michx.)  Trev.;  E4148 

ONOCLEACEAE 

Onoclea  sensibilis  L.;  Evers  90757 

OPHIOGLOSSACEAE 
Botrychium  dissectum  Spreng.;  E4862 
Botrychium  dissectum  Spreng.  var.  obliquum 
(Muhl.  Clute;  E4696 

Botrychium  virginianum  (L.)  Sw.;  E4048; 
Evers  90740 

OSMUNDACEAE 
Osmunda  claytoniana  L.;  E4712 

PTERIDACEAE 

Adiantum  pedatum  L.;  E3905;  Evers  90771 


PINOPHYTA 

CUPRESSACEAE 

Juniperus  virginiana  L.;  E3946;  Evers 
90784 

PINACEAE 

*Pinus  strobus  L.;  E4909 

MAGNOLIOPHYTA 

DICOTYLEDONEAE 

ACANTHACEAE 

Ruellia  humilis  Nutt.  var.  longiflora  (A. 
Gray)  Fern.;  E4459 

ACERACEAE 

*Acer  ginnala  Maxim.,  T14193 
Acer  negundo  L.;  E4028;  Evers  90733 
Acer  saccharinum  L.;  E4880 
Acer  saccharum  Marsh.;  E4899;  Evers 
90752 

AMARANTHACEAE 
*Amaranthus  hybridus  L.;  E4683 
Amaranthus  rudis  J.  Sauer;  E4934 

ANACARDIACEAE 
Rhus  aromatica  Ait.;  E4470 
Rhus  glabra  L.;  E4709 
Toxicodendron  radicans  (L.)  Kuntze; 
T13693 

ANNONACEAE 

Asimina  triloba  (L.)  Dunal;  E4900 
APIACEAE 

Chaerophyllum  procumbens  (L.)  Crantz.; 
E3903 

*Conium  maculatum  L.,  T14587 
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Cry’ptotaenia  canadensis  (L.)  DC;  E4163; 
Evers  90736 

*Daucus  carota  L.;  E4461 
Erigenia  bulbosa  (Michx.)  Nutt.;  T 146 10 
Etyngium  yuccifolium  Michx.;  E4457 
Osmorhiza  claytonii  (Michx.)  C.B.  Clarke; 
E4055 

Osmorhiza  longistylis  (Torr.)  DC.;  E391 1 
Sanicula  canadensis  L.;  E4485 
Sanicula  odorata  (Raf.)  Fryer  &  Phillippe; 
T13687 

"^Torilis  japonica  (Houtt.)  DC.;  E4486 
Zizia  aurea  (L.)  K.  Koch;  E3900,  T 14556 

APOCYNACEAE 

Apocynum  androsaemifoliiim  L.,  T14195 
Apocynum  cannabinum  L.;  E4462 

ARALIACEAE 

Panax  quinquefolius  L.;  T14761 

ARISTOLOCHIACEAE 
Aristolochia  serpentaria  L.;  E4859 
Asarum  canadense  L.  var.  reflexum  (Bickn.) 
Robins;  E3938 

ASCLEPIADACEAE 

Ampelamus  albidus  (Nutt.)  Britt.;  E4676 

Asclepias  hirtella  (Pennell)  Woodson; 

E4464 

Asclepias  incarnata  L.;  E4669 
Asclepias  piirpurascens  L.;  E4149 
Asclepias  syriaca  L.;  E4414 
Asclepias  tnberosa  L.;  obs. 

ASTERACEAE 
*  Achillea  millefolium  L.;  E4501 
Ageratina  altissima  (L.)  R.M.  King  &  H. 
Robins.;  E4434 

Ambrosia  artemisiifolia  L.;  E4727 
Ambrosia  bidentata  Michx.;  E4706 
Ambrosia  trifida  L.;  E4881 
Antennaria plantaginifolia  (L.)  Hook.; 
E3914 

*Anthemis  arvensis  L.;  T 14745 
Arnoglossum  atriplicifolium  (L.)  H.  Robins.; 
E4872 

Aster  cordifolius  L.;  E4710,  E4864 
Aster  laevis  L.;  E4634 
Aster  lanceolatus  Willd.,  E4925,  T 14601 
Aster  lateriflorus  (L.)  Britt.;  E4917 
Aster  novae-angliae  L.;  E4657 
Aster  ontarionis  Wieg.;  E4874 
Aster  pilosus  Willd.;  E4905 
Aster praealtus  Poir.;  E4852 
Aster  shortii  Lindl.;  E4868 
Aster  sagittifolius  Willd.,  E4874 


Aster  turbinellus  Lindl.;  E4873 
Bidens  aristosa  (Michx.)  Britt.;  obs. 

Bidens  bipinnata  L.;  E4497 
Bidens  comosa  (A.  Gray)  Wieg.;  E4935 
Bidens  discoidea  (Torr.  &  A.  Gray)  Benth.; 
E4903 

Bidens  frondosa  L.;  E4865,  E4908 
Cirsium  altissimum  (Muhl.)  Spreng.;  E4870 
*Cirsium  arvense  (L.)  Scop.  var.  horridum 
Wimm.  &  Grab.;  E4654 
Cirsium  discolor  (Muhl.)  Spreng.;  E4920 
"^Cirsium  vulgare  (Savi)  Tenore;  E4673 
Conyza  canadensis  (L.)  Cronq.;  E4689 
Coreopsis  lanceolata  L.;  E3989 
Coreopsis  tripteris  L.;  E4882 
Echinacea  pallida  (Nutt.)  Nutt.;  T 14752 
Echinacea  purpurea  (L.)  Moench.;  E4670 
Eclipta  prostrata  (L.)  L.;  E4924 
Erechtites  hieracifolia  (L.)  Raf.;  E4632 
Erigeron  annuus  (L.)  Pers.;  E4022,  E4041; 
E4160;  Evers  90792 

Erigeron  philadelphicus  L.;  E3958;  Evers 
90764 

Erigeron  strigosus  Muhl.;  Evers  90792 
Eupatoriadelphus  fistulosus  (Barratt)  R.M. 

King  &  H.  Robins.,  obs. 

Eupatorium  perfoliatum  L.;  E4701 
Eupatorium  serotinum  Michx.;  E4919 
Eupatorium  sessilifolium  L.;  E4726,  E4455 
Euthamia  graminifolia  (L.)  Nutt.;  E4720 
Helenium  flexuosum  Raf.;  E4458 
Helianthus  divaricatus  L.;  E4420 
Helianthus  grosseserratus  Martens;  obs. 
Helianthus  mollis  Lam.;  E4630 
Heliopsis  helianthoides  (L.)  Sweet;  E4894 
Hieracium  longipilum  Torn;  E4853 
Hieracium  scabrum  Michx.;  E4722 
Krigia  biflora  (Walt.)  Blake;  Evers  90705 
Krigia  dandelion  (L.)  Nutt.;  obs. 

Lactuca  canadensis  L.;  E4416 
Lactuca  floridana  (L.)  Gaertn.;  E4707 
^Lactuca  serriola  L.;  E4677 
Liatris  aspera  Michx.;  E4910 
Liatris  pycnostachya  Michx.;  E4718 
"^Matricaria  discoidea  DC.;  E4498 
Pseudognaphalium  obtusifolium  (L.) 

Hilliard  &  Burtt;  E4855 
Ratibida  pinnata  (Vent.)  Bamh.;  E4662 
Rudbeckia  hirta  L.;  E4147 
Rudbeckia  laciniata  L.;  E4698 
Rudbeckia  triloba  L.;  E4691 
Senecio  glabellus  Poir.;  E3947;  Evers  90728 
Silphium  integrifolium  Michx.;  obs. 

Silphium  perfoliatum  L.;  E4679 
Solidago  canadensis  L.;  E4671 
Solidago  missouriensis  Nutt.,  E4717 
Solidago  nemoralis  Ait.;  E4906 
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Solidago  ulmifolia  Muhl.;  E4443,  T 14563 
"^Taraxacum  officinale  Weber;  T13278 
Verbesina  alternifolia  (L.)  Britt.;  E4675 
Vernon ia  gigantea  (Walt.)  Trel.;  E4703 
Xanthium  strumarium  L.,  E4936 

BAESAMINACEAE 
Impatiens  capensis  Meerb.;  E4170 
Imp  at  tens  pallida  Nutt.;  T 14734 

BERBERIDACEAE 
Podophyllum  peltatum  L.;  E3930;  Evers 
90749 

BETULACEAE 
Betula  nigra  L.,  obs. 

BIGNONIACEAE 

Campsis  radicans  (E.)  Seem;  E4463;  Evers 
90777 

Catalpa  speciosa  Warder,  obs. 
BORAGINACEAE 

Hackelia  virginiana  (E.)  L  M.  Johnson; 
E4476 

Mertensia  virginica  (E.)  Pers.;  T 146 16 
Myosotis  verna  Nutt.;  E3997 

BRASSICACEAE 

*Alliaria  petiolata  (L.)  Cavara  &Grande, 
T14560 

*Arabidopsis  thaliana  (L.)  Heynh.;  E4068 
Arabis  canadensis  L.;  Evers  90775 
Arabis  laevigata  (Willd)  Poir.;  T13280 
Arabis  shortii  (Fern.)  Gl.;  E3960 
*Barbarea  vulgaris  R.  Br.;  E3916 
*Capsella  bursa-pastoris  (L.)  Medic.; 
E3990 

*Cardamine  hirsuta  L.;  E3996 
Cardamine  parviflora  L.;  Evers  90706 
Cardamine pensylvanica  Willd.;  E4046 
Dentaria  laciniata  Muhl.;  E3924 
*Erophila  verna  (L.)  Chev.;  T 13279 
lodanthus  pinnatifidus  (Michx.)  Steud.; 
E4922 

*Lepidium  densiflorum  Schrad.;  E4033 
Lepidium  virginicum  E.;  E3992 
Rorippa  palustris  (E.)  Besser;  T 14554 
*Thlaspi  arvense  L.;  E3995 

CAESAEPINIACEAE 
Cercis  canadensis  E.;  E4886;  Evers  90741 
Chamaecrista  fasciculata  (Michx)  Greene.; 
E4465 

Gleditsia  triacanthos  L.;  E4891;  Evers 
90743 

Gymnocladus  dioicus  (L.)  K.  Koch;  T14191 


CALLITRICHACEAE 
Callitriche  terrestris  Raf.;  Evers  90806; 
T14758 

CAMPANULACEAE 
Campanulas trum  americanum  (L.)  Small; 
E4466 

Lobelia  inflata  L.;  T13586B 
Lobelia  siphilitica  L.;  E4655 
Triodanis  perfoliata  (L.)  Nieuwl.;  E4056; 
Evers  90800 

CANNABINACEAE 
Humulus  lupulus  E.;  E4892 

CAPRIFOLIACEAE 
*Lonicera  japonica  Thunb.;  E4165 
*Lonicera  maackii  (Rupr.)  Maxim.;  T 14739 
Sambucus  canadensis  E.;  E4682 
Symphoricarpos  orbiculatus  Moench.; 

E4869;  Evers  90788 
Triosteum  perfoliatum  E.;  E4155 
Viburnum  dentatum  L.,  T 14604;  Evers 
90711 

Viburnum  prunifolium  E.;  T 14764 
Viburnum  recognitum  Fern.;  E4429 

CARYOPHYELACEAE 
*Cerastium  fontanum  Baum.;  E3921 
Cerastium  nutans  Raf.;  E3921A;  Evers 
90750 

*Dianthus  armeria  L.;  E4167;  Evers  90782 
Paronychia  canadensis  (L.)  Wood,  T14196 
Paronychia  fastigiata  (Raf.)  Fern.;  E4446 
Sagina  decumbens  (Ell.)  Torr.  &  A.  Gray; 
Evers  90778 

Silene  nivea  (Nutt.)  Otth.;  T 14733 
Silene  stellata  (L.)  Ait.  f.;  E4495 
*Stellaria  media  (E.)  Cyrillo;  E3931 

CEEASTRACEAE 

Celastrus  scandens  L.;  E4451;  Evers  90734 
Euonymus  atropurpureus  Jacq.;  E4912 
*Euonymus  europaeus  E.;  E4018 

CHENOPODIACEAE 
*Chenopodium  album  L.;  E4449,  T14585 

CISTACEAE 

Lechea  tenuifolia  Michx.;  E4851 

CONVOEVULACEAE 
*Ipomea  hederacea  (E.)  Jacq.;  E4491 
Ipomea  pandurata  (L.)  G.  F.  W.  Mey.; 
E4672 
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CORNACEAE 

Cornus  drummondii  C.  A.  Mey.;  E4150 
Cornus  florida  L.;  E3940;  Evers  90714 
Cornus  racemosa  Lam.;  E4020 

CORYLACEAE 

Carpinus  caroliniana  Walt.;  E4915 
Corylus  americana  Walt.;  E4902;  Evers 
90737 

Ostrya  virginiana  (Mill.)  K.  Koch;  E4914; 
Evers  9011 A 

CUCURBITACEAE 
Sicyos  angulatus  L.;  E4688 

CUSCUTACEAE 

Cuscuta  gronovii  Willd.,  T14573 

EBENACEAE 

Diospyros  virginiana  L.;  E4153 

ELAEAGNACEAE 
* Elaeagnus  umbellata  Thunb.;  E3917 

EUPHORBIACEAE 

Acalypha  deamii  (Weatherby)  Ahles; 

T14576 

Acalypha  gracilens  A.  Gray;  E4507,  E4884 
Acalypha  rhomboidea  Raf.;  E4928 
Acalypha  virginica  L.;  E4506 
Chamaesyce  maculata  (L.)  Small;  T 14569 
Chamaesyce  nutans  (Lag.)  Small,  T14555 
Euphorbia  corollata  L.;  E4643 
Phyllanthus  carolinensis  Walt.;  T 13679 
Poinsettia  dentata  (Michx.)  Kl.  &  Garcke; 
E4678 

FABACEAE 

Amorpha  fruticosa  L.;  E4037 
Amphicarpaea  bracteata  (L.)  Fern.;  E4417 
Baptisia  alba  (L.)  Vent.;  E4413 
Desmodium  glabellum  (Michx.)  DC.,  obs. 
Desmodium  glutinosum  (Muhl.)  A.  Wood.; 
E4724 

Desmodium  illinoense  A.  Gray;  E4668 
Desmodium  nudiflorum  (L.)  DC.;  E4439 
Desmodium  paniculatum  (L.)  DC.;  obs. 
Desmodium  rotundifolium  DC.;  Evers  90703 
*Kummerowia  stipulacea  (Maxim.)  Makino, 
T14189 

*Kummerowia  striata  (Thunb.)  Schind.; 
E4895 

Lespedeza  capitata  Michx.;  E4656 
*Lespedeza  cuneata  (Dum.-Cours.)  G.  Don; 
E4896 

Lespedeza  procumbens  Michx.;  E4640 
Lespedeza  virginica  (L.)  Britt.;  E4705 


* Medicago  lupulina  L.;  E4681 
* Medicago  sativa  L.;  T 14753 
*Melilotus  albus  Medic.;  E4684 
*Melilotus  officinalis  (L.)  Pallas;  T14731 
Phaseolus  polystachios  (L.)  BSP.;  E4871 
*Robinia  pseudoacacia  L.;  T 14759 
Strophostyles  helvula  (L.)  Ell.,  E4687 
Strophostyles  leiosperma  (Torr.  &  A.  Gray) 
Piper;  E4641 

*Trifolium  campestre  Schreb.;  E4036 
*Trifolium  hybridum  L.;  E4040,  T 14567 
*Trifolium  pratense  L.;  E4027 
*Trifolium  repens  L.;  T14738 

FAGACEAE 

Quercus  alba  L.;  E4005 

Quercus  bicolor  Willd.,  obs. 

Quercus  imbricaria  Michx.;  E4898;  Evers 
90797 

Quercus  x  leana  Nutt.,  T 14591 
Quercus  macrocarpa  Michx.,  T 14605 
Quercus palustris  Muench.,  T13685;  Evers 
90710 

Quercus  muhlenbergii  Engelm.  T 14592 
Quercus  rubra  L.,  T 14590;  Evers  90717 
Quercus  stellata  Wangh.;  E4918;  Evers 
90716 

Quercus  velutina  Lam.;  T 13281 
FUMARIACEAE 

Dicentra  cucullaria  (L.)  Bemh.;  E3908 

GENTIANACEAE 

Frasera  caroliniensis  Walt.;  T14615 

GERANIACEAE 

Geranium  carolinianum  L.;  E3993;  Evers 
90781 

Geranium  maculatum  L.;  E3928 

GROSSULARIACEAE 
Ribes  missouriense  Nutt.;  E4693 

HYDRANGEACEAE 
Hydrangea  arborescens  L.;  E4478;  Evers 
90773 

HYDROPHYLLACEAE 
Hydrophyllum  appendiculatum  Michx.; 
E3956 

Hydrophyllum  virginianum  L.;  T14614 

HYPERICACEAE 
Hypericum  mutilum  L.;  E4883 
Hypericum  prolificum  L.;  E4460;  Evers 
90759 

Hypericum  punctatum  Lam.;  E4490 
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Hypericum  sphaerocarpim  Michx.,  T 13686 
JUGLANDACEAE 

Carya  cordiformis  (Wang.)  K.  Koch;  E4054 
Carya  glabra  (Mill.)  Sweet,  obs. 

Carya  ovata  (Mill.)  K.  Koch;  T 13690 
Carya  tomentosa  (Poir)  Nutt.,  T 13684; 
Evers  90712 

Juglans  nigra  L.,  T14558 
LAMIACEAE 

Agasfache  nepetoides  (L.)  Ktze.;  E4866 
Blephilia  hirsuta  (Pursh.)  Bemh.;  E4177 
Hedeoma  pulegioides  (L.)  Pers.;  E4440 
*Lamium  amplexicaule  L.;  T  3283 
*Lamium  purpureum  L.,  T 13282 
Lycopus  americanus  Muhl.,  T14559 
Lycopus  imiflorus  Michx.,  E4863 
Monarda  bradburiana  Beck;  E4044;  Evers 
90768 

Monarda  fistulosa  L.;  E4644 
*Perilla  frutescens  (L.)  Britt.;  E4927, 
T14588 

Physostegia  virginiana  (L.)  Benth.;  E4658 
Prunella  vulgaris  L.;  E4425 
Pycnanthemum  tenuifolium  Schrad.;  E4493 
Pycnanthemum  virginianum  (L.)  Dur.  & 
B.D.  Jacks.,  obs. 

Scutellaria  incana  Biehler;  E4453,  T 13691 
Scutellaria  nervosa  Pursh;  E4025,  T 13691 
Scutellaria  parvula  Michx.;  Evers  90701; 
T14765 

Stachys  tenuifolia  Willd.;  E4728 
Teucrium  canadense  L.;  E4448 

LAURACEAE 

Lindera  benzoin  (L.)  Blume;  E4475 
Sassafras  albidum  (Nutt.)  Nees;  E4058 

LINACEAE 

Linum  medium  (Planch.)  Britt.;  E4702 
LYTHRACEAE 

Ammannia  coccinea  Rottb.;  E4636 
Rotala  ramosior  (L.)  Koehne;  T 13676 

MAGNOLIACEAE 
Liriodendron  tulipifera  L.,  obs. 

MALVACEAE 
"^Hibiscus  trionum  L.;  E4685 
*Sida  spinosa  L.;  E4921 

MENISPERMACEAE 
Menispermum  canadense  L.;  E4901;  Evers 
90739 


MIMOSACEAE 

Desmanthus  illinoensis  (Michx.)  MacM.; 
E4665 

MOLLUGINACEAE 
*Mollugo  verticillata  L.  E4659 

MORACEAE 

*Morus  alba  L.,  E4875 

Morus  rubra  L.;  E4049;  Evers  90760 

OLEACEAE 

Fraxinus  americana  L.;  E471 1;  Evers  90795 
Fraxinus  lanceolata  Borkh.,  T13689 
Fraxinus  pennsylvanica  Marsh.;  E4913 

ONAGRACEAE 

Circaea  lutetiana  L.  spp.  canadensis  (L.) 

Aschers  &  Magnus;  E4435 
Ludwigia  alternifolia  L.;  E4484 
Ludwigia palustris  (L.)  Ell.;  T14747 
Ludwigia peploides  (HBK)  Raven  var. 

glabrescens  (Ktze.)  Raven,  E4035 
Oenothera  biennis  L.;  E4715 

OXALIDACEAE 

Oxalis  stricta  L.;  T14190;  Evers  90802 
Oxalis  violacea  L.;  E3918 

PAPVERACEAE 

Sanguinaria  canadensis  L.;  T14613 

PASSIFLORACEAE 
Passiflora  lutea  L.,  T14194 

PHYRMACEAE 

Phryma  leptostachya  L.;  E4436 

PHYTOLACCACEAE 
Phytolacca  americana  L.;  E4437 

PLANTAGINACEAE 
Plantago  aristata  Michx.;  T 13680 
*Plantago  lanceolata  L.;  E4032 
Plantago  rugelii  Decne.;  T 145 84 
Plantago  virginica  he,  E3994;  Evers  90793 

PLATANACEAE 

Platanus  occidentalis  L.;  E4038 

POLEMONIACEAE 
Phlox  divaricata  L.;  E3920 
Phlox  paniculata  L.;  E4686 
Polemonium  reptans  L.,  T14589 

POLYGALACEAE 
Polygala  sanguinea  L.;  E4721 
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POLYGONACEAE 
Antenoron  virgimanum  (L.)  Roberty  & 
Vautier;  E4444 

Fallopia  scandens  (L.)  Holub;  E4442 
*Persicaria  cespitosa  (Blume)  Nakai; 

E4933 

*Persicana  hydropiper  (L.)  Opiz;  E443 1 
Persicaria pensylvanica  (L.)  Small;  E4635; 
Evers  90805 

Persicaria  punctata  (Ell.)  Small;  E4496 
"^Persicaria  vulgaris  Webb.  &  Moq.;  E4447; 
Evers  90730 

^Polygonum  aviculare  L.;  E4456 
*Rumex  acetosella  L.;  E4007;  Evers  90799 
*Rumex  crispus  L.;  E3998 
*Rumex  obtusifolius  L.;  E4433 

PORTULACACEAE 
Claytonia  virginica  L.;  E3945 

PRIMULACEAE 

Dodecatheon  meadia  L.;  E3912;  Evers 
90723 

Lysimachia  hybrida  Michx.;  E4660 
Lysimachia  lanceolata  Walt.;  E4427 
^Lysimachia  nummularia  L.;  E3952 
Samolus  parviflorus  Raf.,  T14571 

RANUNCULACEAE 
Actaea pachypoda  Ell.;  E3909 
Anemone  virginiana  L.;  E4480 
Anemonella  thalictroides  (L.)  Spach; 

T13275 

Aquilegia  canadensis  L.,  obs. 

Delphinium  tricorne  Michx.;  E3922 
Enemion  biternatum  Raf.;  T1461 1 
Ranunculus  abortivus  L.;  E3910 
Ranunculus  micranthus  Torr.  &  A.  Gray, 
E3942 

Ranunculus  septentrionalis  Poir.;  T 13277 
Thalictrum  dasycarpum  Fisch.  &  Lall., 
E4146 

RHAMNACEAE 

Ceanothus  americanus  L.;  Evers  90708 
ROSACEAE 

Agrimonia  parviflora  Soland.,  T 13677 
Agrimonia  pubescens  Wallr.,  T13678 
Agrimonia  rostellata  Wallr.;  E4418 
Amelanchier  arborea  (Michx.  f.)  Fern.; 
E4009;  Evers  90719 

Aruncus  dioicus  (Walt.)  Fern.;  E4469;  Evers 
90770 

Fragaria  virginiana  Duchesne,  obs. 

Geum  canadense  Jacq.;  E4510 


Geum  laciniatum  Murr.;  T 14732 
Geum  vernum  (Raf.)  Torr.  &  A.  Gray.; 

E3943;  Evers  90766 
Malus  ioensis  (Wood)  Britt;  T14760 
Porteranthus  stipulatus  (Muhl.)  Britt.; 

E4175;  Evers  90709 
*Potentilla  recta  L.;  E4158;  T 14763 
Potentilla  simplex  Michx.;  E3937;  Evers 
90758 

Prunus  americana  Marsh.;  E4148 
*Prunus  mahaleb  L.;  E4858 
Prunus  serotina  Ehrh.;  E4708;  Evers  90794 
Rosa  Carolina  L.;  E4172;  Evers  90779 
*Rosa  multiflora  Thunb.;  E4006 
Rosa  setigera  Michx.;  T14762 
Rubus  allegheniensis  Porter;  E4157;  Evers 
90791 

Rubus  flagellaris  Willd.;  E3951 
Rubus  occidentalis  L.;  T 13681 

RUBIACEAE 

Cephalanthus  occidentalis  L.,  obs. 

Diodia  teres  Walt.;  E4482 
Galium  aparine  L.;  E3944 
Galium  circaezans  Michx.;  E4489;  Evers 
90767 

Galium  concinnum  Torr.  &  A.  Gray;  E4057 
Galium  triflorum  Michx.;  E4723;  Evers 
90744 

Houstonia  purpurea  L.;  E4164;  Evers  90725 
RUTACEAE 

Ptelea  trifoliata  L.;  E4889 

SALICACEAE 
*Populus  alba  L.;  E4653 
Populus  deltoides  Marsh.,  T 13683 
Salix  interior  Rowlee;  T 14736 
Salix  nigra  Marsh.;  E4888 

SAXIFRAGACEAE 

Heuchera  americana  L.  var.  hirsuticaulis 
(Wheelock)  Rosend.,  Butt.,  &  Lak.; 
E4060;  Evers  90720 
Penthorum  sedoides  L.,  obs. 

SCROPHULARIACEAE 
Collinsia  verna  Nutt.,  obs. 

Lindernia  dubia  (L.)  Pennell,  T 13675 
Mimulus  alatus  Soland.;  E4729 
Penstemon  digitalis  Nutt.;  E4487;  Evers 
90789 

Penstemon  pallidus  Small;  E4725 
Scrophularia  marilandica  L.;  E4699 
*Verbascum  blattaria  L.;  T14749 
*Verbascum  thapsus  L.;  E4699 
"^Veronica  arvensis  L.;  E3999 
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Veronica  peregrina  L.;  E4045 
Veronicas trum  virgin i cum  (L.)  Farw., 
T14192 

SIMAROUBACEAE 

*Ailanthus  altissima  (Mill.)  Swingle;  Evers 
90735 

SOLANACEAE 

Physalis  heterophylla  Nees;  E4154 
Solanum  caroliniense  L.;  E4159 
Solanum  ptychanthum  Dunal;  E4923 

STAPHYLEACEAE 

Staphylea  trifolia  L.;  E4932;  Evers  90738 

TILIACEAE 

Tilia  americana  L.;  E4930;  Evers  90724 
ULMACEAE 

Celtis  occidentalis  L.;  E4878 
Ulmus  americana  L.,  T14566A 
Ulmus  rubra  Muhl.;  T13273 

URTICACEAE 

Boehmeria  cylindrica  (L.)  Sw.;  T14583 
Laportea  canadensis  (L.)  Wedd.;  E4932 
Parietaria  pensylvanica  Muhl.;  E4047, 
E4505;  Evers  90748 

Pilea  pumila  (L.)  A.  Gray;  E4695,  T14594 
VERBENACEAE 

Phyla  lanceolata  (Michx.)  Greene;  E4893 
Verbena  hastata  L.;  E4694 
Verbena  urticifolia  L.;  T 14598 

VIOLACEAE 
Viola  palmata  L.;  E4173 
Viola  pratincola  Greene,  E4861 
Viola  pubes cens  Ait.  var.  eriocarpa 
(Schwein.)  Russell;  E3957 
*  Viola  rafinesquii  Greene;  E3936 
Viola  sororia  Willd.;  E3939 
Viola  striata  Ait.;  E3902;  Evers  90732 

VITACEAE 

Parthenocissus  quinquefolius  (L.)  Planch.; 

E4052;  Evers  90790 
Vitis  aestivalis  Michx.;  E4876 
Vitis  cinerea  (Engelm.)  Engelm.;  Evers 
90704 

Vitis  riparia  Michx.,  T13682 
Vitis  vulpina  L.,  E4890;  Evers  90756 


MONOCOTYLEDONEAE 

ALISMATACEAE 

Alisma  subcordatum  Raf.;  T14750 

Sagittaria  latifolia  Willd.;  T 14748 

AMARYLLIDACEAE 
Hypoxis  hirsuta  (L.)  Coville;  E3949 

ARACEAE 

Arisaema  dracontium  (L.)  Schott;  E4051; 
Evers  90747 

Arisaema  triphyllum  (L.)  Schott;  E3927; 
Evers  90746 

COMMELINACEAE 
*Commelina  communis  L.;  E4424 
Commelina  diffusa  Burm.  f.,  T 14578 
Tradescantia  ohiensis  Raf.;  E3987 
Tradescantia  subaspera  Ker;  E4697 
Tradescantia  virginiana  L.;  E3932;  Evers 
90713 

CYPERACEAE 
Carex  albicans  Willd.,  T13272 
Carex  amphibola  Steud.;  T14767 
Carex  blanda  Dewey;  E3933,  E3941, 

E3953,  E4062 

Carex  brachyglossa  Mack.;  Evers  90751 
Carex  bushii  Mack;  E4161 
Carex  cephalophora  Muhl.;  E4065,  E4733, 
Evers  90753 

Carex  communis  L.H.  Bailey,  T 13274 
Carex  conoidea  Schk.;  E4059 
Carex  cristatella  Britt.;  T 147 42 
Carex  festucacea  Schk.,  E4064;  Evers 
90754 

Carex  glaucodea  Tuckerm.;  E4003;  Evers 
90718 

Carex  grayi  Carey;  E4474 
Carex  grisea  Wahl.;  Evers  90762 
Carex  hirsutella  Mack.;  E3919,  Evers  90786 
Carex  hirtifolia  Mack.,  E4016 
Carex  jamesii  Schwein.;  E4029 
Carex  lupulina  Willd.;  T 14730 
Carex  muhlenbergii  Schk.  var.  enervis 
Boott;  Evers  90702 

Carex  pensylvanica  Lam.;  E4019,  E4008 
Carex  retroflexa  Muhl.;  E3934;  Evers  90742 
Carex  rosea  Schk.;  E3950 
Carex  shortiana  Dewey;  E400 1 
Carex  squarrosa  L.,  T 14599 
Carex  stipata  Muhl.;  T 14741 
Carex  vulpinoidea  Michx.;  E4002,  E4162, 
E4010 

Cyperus  acuminatus  Torn  &  Hook.;  T 14751 
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Cyperns  escultentiis  L.  var.  leptostachyus 
Boeckl.;  T 14744 
Cyperus  odoratus  L.,  T 14561 
Cyperus  strigosus  L.;  T 14562 
Eleochahs  elliptica  Kunth.;  E4042 
Eleocharis  ovata  (Roth)  Roem.  &  Schultes 
var.  ovata',  E4637;  E4187,  E4179 
Scirpus  georgianus  Harper;  E4419,  E4674 
Scirpus pendulus  Muhl.;  T14727 

DIOSCOREACEAE 

Dioscorea  quaternata  (Walt.)  J.  F.  Gmel; 
E4053 

Dioscorea  villosa  L.;  Evers  90729 
JUNCACEAE 

Juncus  anthelatus  (Wieg.)  R.E.  Brooks; 
E4000 

Juncus  brachycarpus  Engelm.;  E4152, 
E4734 

Juncus  dudleyi  Wieg.;  E4043 
Juncus  effusus  L.,  obs. 

Juncus  tenuis  Willd.;  E4169 
Juncus  torreyi  Coville;  E4633 

LEMNACEAE 
Lemna  minor  L.;  T14577A 
*Spirodela  punctata  (Mey.)  C.H. 
Thompson;  T14577 

LILIACEAE 

Allium  canadense  L.;  E4168 
*  Allium  vineale  L.;  T 14740 
Erythronium  americanum  Ker;  T 14608 
*Ornithogalum  umbellatum  L.,  T14612 
Polygonatum  commutatum  (Schult.)  A. 
Dietr.;  E4014 

Smilacina  racemosa  (L.)  Desk;  E4002a 
Trillium  flexipes  Raf.;  E3901 
Trillium  recurvatum  Beck.;  E3925 
Uvularia  grandiflora  Sm.;  T13276 

ORCHIDACEAE 

Aplectrum  hyemale  (Willd.)  Nutt.;  E4015 
Cypripedium  pubescens  Willd.;  E4911 
Galearis  spectabilis  (L.)  Raf.;  obs. 

Liparis  liliifolia  (L.)  Rich.;  E4467 
Spiranthes  cernua  (L.)  Rich.;  E4854, 
T13586A 

POACEAE 

Agrostis  gigantea  Roth;  E4663 
Agrostis  hyemalis  (Walt.)  BSP.;  Evers 
90801 

Agrostis  perennans  (Walt.)  Tuckerm.; 
T14579A 

Agrostis  scabra  Willd.;  E4481 


Andropogon  gerardii  Vitman;  E4664 
Andropogon  virginicus  L.;  E4907 
Aristida  oligantha  Michx.;  E4645 
Bouteloua  curtipendula  (Michx.)  Torn; 
E4667 

Brachyleytrum  erectum  (Roth)  Beauv.; 
E4916 

"^Bromus  commutatus  Schrad.;  E4184, 

E4511 

*Bromus  inermis  Leyss.;  T 147 54 
Bromus  pubescens  Muhl.;  E4428 
^Bromus  secalinus  L.;  Evers  90787,  90796 
Chasmanthium  latifolium  (Michx.)  Yates, 
T14553 

Cinna  arundinacea  L.;  E4719 
*Dactylis  glomerata  L.;  E4067 
Danthonia  spicata  (L.)  Roem.  &  Schultes; 

E4183;  Evers  90715 
Diarrhena  obovata  (Gl.)  Brandenburg; 
T14597 

Dichanthelium  acuminatum  (Sw.)  Gould  & 
Clark,  T13692;  E4180;  Evers  90780 
Dichanthelium  clandestinum  (L.)  Gould; 
E4732 

Dichanthelium  depauperatum  (Muhl.) 
Gould;  Evers  90707 

Dichanthelium  dichotomum  L.  Gould  var. 

barbulatum  (Michx.)  Mohlenbr.;  E4185 
Dichanthelium  microcarpon  (Muhl.) 

Mohlenbr.;  E4508 
Dichanthelium  polyanthes  (Schult.) 

Mohlenbr.,  T14596 
Dichanthelium  praecocius  (Hitchc.  & 

Chase)  Mohlenbr.;  E4180 
Digitaria  filiformis  (L.)  Koel.;  E4879 
"^Digitaria  ischaemum  (Schreb.)  Schreb.; 
T14565 

"^Digitaria  sanguinalis  (L.)  Scop.;  E4649 
*Echinochloa  crus-galli  (L.)  Beauv.;  E4488, 
E4639,  E4650 

Echinochloa  miiricata  (Michx.)  Fern.; 
E4450,  T14581 

*Eleusine  indica  (L.)  Gaertn.;  E4642 
Elymus  canadensis  L.;  T 147 5 5 
Elymus  x  ebingeri  G.  C.  Tucker,  T 14593 
Elymus  hystrix  L.;E4471 
Elymus  villosus  Muhl.;  E4502 
Elymus  virginicus  L.;  E4171 
Eragrostis  cilianensis  (All.)  Vign.;  E4867 
Eragrostis  frankii  C.A.  Meyer,  T14579B 
Eragrostis  spectabilis  (Pursh.)  Steud.; 

E4647 

*Festuca pratensis  Huds.;  E3935,  E4651 
Evers  90763;  T14743 

Festuca  subverticillata  (Pers.)  E.B.  Alexeev; 
E4017 
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Glyceria  striata  (Lam.)  Hitchc.;  E4178; 
Evers  90769 

Hordeum  pus  ilium  Nutt.;  E4031 
Leersia  oryzoides  (L.)  Swartz;  E4860 
Leersia  virginica  Willd.;  T14586 
Muhlenbergia  frondosa  (Poir.)  Fern., 

T14574 

Muhlenbergia  schreberi  J.  F.  Gmel;  E4423 
Panicum  dichotomiflorum  Michx.;  E4929, 
T14580 

Panicum  virgatum  L.;  E4666 
Paspalum  setaceum  Michx.  var.  ciliatifolium 
(Michx.)  Vasey;  E4494 
Paspalum  setaceum  Michx.  var. 

muhlenbergii  (Nash)  D.J.  Banks;  E4652 
*Phalaris  arundinacea  L.,  T14582 
*Phleum  pratense  L.;  E3988 
annua  L.;  E4024 
^Poa  compressa  L.;  E4034 
Poa  palustris  L.;  E3906,  E4023 
*Poa  pratensis  L.  E3935,  E4063 
Poa  sylvestris  A.  Gray;  Evers  90726 


Setaria  glauca  (L.)  Beauv.;  E4648 
*Setaria  faberi  F.  Herrm.;  E4445 
*  Setaria  viridis  (L.)  P.  Beauv.;  T14564 
Schizachyrium  scoparium  (Michx.)  Nash; 
E4661 

Sorghastrum  nutans  (L.)  Nash;  E4897 
"^Sorghum  bicolor  (L.)  Moench.;  E4680 
^Sorghum  halepense  (L.)  Pers.;  T14557 
Sphenopholis  obtusata  (Michx.)  Scribn.; 
Evers  90776 

Tridens  flavus  (L.)  Hitchc.;  E4700 
Tripsacum  dactyloides  (L.)  L.;  T 14737 
Vulpia  octoflora  (Walt.)  Rydb.;  Evers  90798 

SMILACACEAE 

Smilax  lasioneuron  Hook.,  obs. 

Smilax  tamnoides  L.;  T 13688;  Evers  90745 

TYPHACEAE 

Typha  angustifolia  L.;  T 14746 
Typha  latifolia  L.;  E463 1 
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ABSTRACT 

August  2007  experienced  record-setting  rains  in  northern  Illinois  as  the  result  of  a  per¬ 
sistent  weather  pattern.  Northeastern  Illinois  received  11.61  inches,  the  highest  August 
rainfall  since  1895.  Northwestern  Illinois  received  7.83  inches,  the  fifth  highest  since 
1895.  At  least  35  sites  received  10  inches  or  more  of  rainfall.  These  particular  sites  expe¬ 
rienced  either  their  wettest  or  second  wettest  August  on  record.  The  site  with  the  most 
August  rainfall  was  Genoa,  Illinois,  with  16.56  inches.  Record  rainfall,  high  winds,  and 
high  river  levels  over  a  densely  populated  area  of  the  state  combined  to  produce  at  least 
$353  million  in  losses  in  August.  Most  of  the  losses  stemmed  from  the  August  23-24 
storm  event.  Insured  losses  from  that  one  event  were  $213  million  from  personal  prop¬ 
erty,  commercial,  and  crop  losses.  The  utility,  transportation,  and  government  sectors 
experienced  additional  losses  of  $1 15  million. 


INTRODUCTION 

Heavy  rainfall  events  have  been  a  challenge  in  rapidly  urbanizing  northern  Illinois  in 
recent  years.  Heavy  rainfall  events  can  come  as  either  large,  singular  events,  or  as  a  series 
of  closely  timed  smaller  events.  Once  the  ground  becomes  saturated  early  in  the 
sequence,  the  subsequent  events  can  cause  considerable  damage,  as  a  larger  fraction  of 
the  rain  becomes  runoff.  Impervious  land  surfaces  such  as  roofs,  parking  lots,  and  roads 
increase  the  risk  of  flooding  in  these  densely  populated  areas  of  the  state.  Damages  can 
be  considerable  and  include  flooded  homes  and  businesses,  and  disruptions  of  the  trans¬ 
portation  network. 

Past  studies  have  shown  a  pattern  of  wetter  conditions  in  recent  decades.  Huff  and 
Changnon  (1987)  found  an  apparent  climate  trend  operating  on  the  frequency  distribution 
of  heavy  rainstorms  in  Illinois  from  1901-1980.  Angel  and  Huff  (1997)  observed  this 
trend  throughout  the  Midwest  as  well.  Changnon  and  Westcott  (2002)  examined  heavy 
rains  from  a  dense  raingage  network  in  operation  in  the  Chicago  area  since  1989  and 
found  an  increased  frequency  of  heavy  rainstorms.  Angel  et  al.  (1997)  documented  the 
heavy  rainfall  event  of  July  17-18,  1996,  that  fell  over  three  states  (Illinois,  Indiana,  and 
Wisconsin)  and  resulted  in  a  new  state  record  rainfall  of  16.94  inches  in  24  hours  at 
Aurora,  Illinois. 
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The  trend  towards  more  and  heavier  rainfall  events  brings  special  challenges  to  urban 
areas  such  as  northeastern  Illinois.  Changnon  (1996)  outlined  several  impacts  that  heavy 
rains  and  flooding  cause  in  urban  areas.  Typical  impacts  include  the  flooding  of  street 
and  rail  viaducts,  and  basements  of  businesses  and  residences.  In  addition,  heavy  rains 
can  slow  or  stop  traffic  flow  while  floodwaters  can  disrupt  bus  and  rail  service.  In  addi¬ 
tion,  conditions  causing  heavy  rainstorms  are  related  to  significant  thunderstorm  activity. 
As  a  result,  high  winds  and  lightning  cause  further  damage  during  these  episodes.  As  will 
be  shown  here,  the  heavy  rains  of  August  2007  produced  exactly  these  impacts. 

DATA  AND  METHODOLOGY 

In  this  study,  impacts  from  the  storms  and  heavy  rainfall  were  obtained  from  the  media, 
federal,  state,  and  local  agencies,  and  the  insurance  industry.  Climate  data  used  in  this 
study  were  obtained  from  the  Midwestern  Regional  Climate  Center  (MRCC; 
http://mrcc.sws.uiuc.edu/).  Daily  temperature  data  originated  at  the  National  Oceanic  and 
Atmospheric  Administration  (NOAA)  National  Weather  Service  (NWS)  cooperative 
observer  network  (COOP)  for  sites  across  Illinois  and  the  upper  Midwest.  The  NOAA 
National  Climatic  Data  Center  (NCDC)  provided  climate  division  monthly  precipitation 
that  began  in  1895. 

A  second  source  of  daily  precipitation  records  is  the  newly  formed  Community  Collabo¬ 
rative  Rain,  Hail,  and  Snow  Network  (CoCoRaHS;  http://www.cocorahs.org/).  This 
group  of  volunteers  with  standard  equipment  (4-inch  rain  gage)  and  comprehensive 
training  provided  additional  observations  in  northern  Illinois.  As  a  result,  their  observa¬ 
tions  are  comparable  to  those  taken  by  the  NWS  network. 

Climate  divisions  are  sub-regions  of  the  state  with  similar  climate  characteristics.  The 
two  northern  climate  divisions  are  relevant  to  this  study.  The  northwestern  climate  divi¬ 
sion  covers  JoDaviess,  Stephenson,  Winnebago,  Carroll,  Ogle,  Whiteside,  Lee,  Rock 
Island,  Mercer,  Henry,  Bureau,  and  Putnam  Counties.  The  northeastern  climate  division 
covers  Boone,  McHenry,  Lake,  DeKalb,  Kane,  Cook,  DuPage,  LaSalle,  Kendall,  Grundy, 
and  Will  Counties. 


RESULTS 


Synoptic  Discussion 

According  to  the  MRCC’s  Climate  Watch  (MRCC,  2007),  the  dominant  weather  feature 
in  August  2007  was  the  location  of  the  jet  stream  over  the  north-central  Midwest  and 
western  Great  Lakes  region  throughout  much  of  the  month.  A  quasi-stationary  front  in 
the  Midwest,  associated  with  the  jet  stream,  served  as  a  significant  trigger  for  heavy  rain 
and  severe  weather  as  it  oscillated  north  and  south  through  northern  Illinois  and  southern 
Wisconsin. 

The  first  series  of  rain  events  was  during  the  period  of  August  5-7,  initiated  by  a  frontal 
boundary  slowly  moving  through  northern  Illinois  and  by  the  arrival  of  a  weak  low-pres¬ 
sure  system  by  August  7.  Especially  heavy  rains  fell  during  the  afternoon  and  evening  of 
August  6  and  into  the  morning  hours  of  August  7.  Hardest  hit  were  Stephenson,  Boone, 
Winnebago,  and  McHenry  Counties  (Figure  1).  Two  CoCoRaHS  reporters  in  Freeport 
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received  7.00  and  6.70  inches  of  rain  while  five  CoCoRaHS  reporters  near  Rockford 
received  between  6.13  and  6.84  inches  of  rain.  Rockford  Airport  received  5.15  inches  of 
rain  between  9  pm  Central  Daylight  Time  (CDT)  on  August  6  through  8  am  CDT  on 
August  7,  a  span  of  1 1  hours.  According  to  Huff  and  Angel  (1992),  this  translates  into  a 
35-year  storm  for  that  duration. 

After  a  two-week  period  of  relatively  quiet  conditions,  heavy  rains  returned  to  Illinois 
during  the  period  of  August  19-21  as  a  frontal  boundary  stalled  over  northeastern  Illinois. 
During  this  event,  COOP  observers  at  Genoa  and  Elgin  received  6.13  and  5.80  inches, 
respectively.  A  CoCoRaHS  observer  near  Harvard  reported  7.04  inches.  Other  locations 
in  northeastern  Illinois  reported  amounts  of  2  to  5  inches. 

The  last  significant  period  of  heavy  rainfall  occurred  on  August  23-24  (Figure  2)  as  the 
frontal  boundary  again  stalled  over  the  state.  Particularly  heavy  rains  during  this  period 
fell  in  Marsailles  (7.00  inches),  Peotone  (6.45  inches),  and  DeKalb  (6.36  inches),  based 
on  reports  by  COOP  observers.  By  this  time,  the  soils  in  many  parts  of  northern  Illinois 
were  saturated  already  so  the  additional  rains  brought  considerable  flooding. 

Rainfall  Totals  for  the  Month 

Rainfall  across  the  northwestern  climate  division  averaged  7.83  inches,  3.46  inches  above 
normal  and  the  sixth  wettest  August  since  records  began  in  1895.  Rainfall  across  the 
northeastern  climate  division  averaged  11.61  inches,  7.40  inches  above  normal  and  the 
wettest  August  on  record. 

Monthly  rainfall  amounts  at  individual  sites  were  even  more  impressive  (Figure  3).  In 
northwestern  Illinois,  six  COOP  sites  had  monthly  totals  of  10  inches  or  more.  In  all  six 
sites,  they  were  either  the  wettest  or  the  second  wettest  August  on  record.  The  site  with 
the  largest  rainfall  total  was  Rockford  with  13.98  inches,  their  wettest  August  on  record. 
In  northeastern  Illinois,  29  sites  had  monthly  totals  of  10  inches  or  more  and  were  either 
the  wettest  or  the  second  wettest  August  in  their  period  of  record.  The  wettest  was  Genoa 
with  16.56  inches.  Six  sites  had  periods  of  record  of  100  years  or  more.  Of  these,  four 
had  their  wettest  August  on  record  -  truly  impressive  given  their  length  of  record  (Table 
1). 

The  heavy  rains  reported  above  were  not  confined  to  Illinois.  As  seen  in  Figure  3,  heavy 
rainfall  amounts  were  reported  across  the  upper  Midwest  from  this  series  of  events. 
Amounts  were  largest  in  northeastern  Iowa,  southeastern  Minnesota,  and  southern  Wis¬ 
consin.  Seventy-seven  sites  in  Iowa  had  rainfall  totals  of  10  inches  or  more  with  the  high¬ 
est  total  of  19.43  inches  at  Rathbun  Dam.  Thirty-one  sites  in  Minnesota  had  rainfall  totals 
of  10  inches  or  more  with  the  highest  total  of  23.86  inches  at  Hokah.  Seventy-two  sites  in 
Wisconsin  had  rainfall  totals  of  10  inches  or  more  with  the  highest  total  of  21.74  inches 
at  Viroqua.  The  heavy  rains  in  Wisconsin  were  especially  significant  for  Illinois  because 
the  Rock,  Kishwaukee,  Fox,  and  Des  Plaines  watersheds  extend  into  southern  Wisconsin. 

Extreme  Events 

Several  of  the  rain  events  in  August  could  be  categorized  as  being  extreme  events, 
defined  here  as  having  an  expected  return  period  of  two  years  or  longer  for  storm  dura¬ 
tions  up  to  10  days  as  determined  from  values  in  Huff  and  Angel  (1992).  They  did  not 
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make  calculations  for  durations  longer  than  10  days.  An  examination  of  1-,  2-,  3-,  5-,  and 
10-day  precipitation  totals  from  73  COOP  sites  in  northern  Illinois  revealed  that  60  sites 
(82  percent)  experienced  extreme  events  during  the  wet  August.  From  those  sites,  23  had 
an  extreme  1-day  event,  44  had  an  extreme  2-day  event,  47  had  an  extreme  3-day  event, 
58  had  an  extreme  5-day  event,  and  54  had  an  extreme  10-day  event.  Of  the  226  cases,  77 
only  met  the  2-year  event  threshold,  41  met  the  5-year  event,  61  met  the  10-year  event, 
26  met  the  25-year  event,  17  met  the  50-year  event,  and  4  met  the  100-year  event. 

A  case  illustrating  the  extraordinary  nature  of  the  heavy  rains  can  be  found  in  the  daily 
precipitation  records  for  Genoa,  DeKalb  County,  Illinois  (Figure  4).  Genoa  received 
16.56  inches  in  August,  making  it  the  wettest  station  in  Illinois  for  the  month.  Within  that 
period,  Genoa  experienced  three  outstanding  events:  a  3.75-inch  total  on  August  7  that 
qualified  as  a  1-day,  5-year  storm;  a  6.1 1 -inch  total  on  August  19-20  that  qualified  as  a  2- 
day,  30-year  storm;  and  a  4.20-inch  total  on  August  23-24  that  qualified  as  a  2-day,  5- 
year  storm. 


IMPACTS 

The  series  of  days  with  moderate  to  very  heavy  rains  from  August  5-24  resulted  in  much 
runoff,  and  flooding  developed  on  several  rivers  in  northeastern  Illinois,  especially  after 
the  heavy  rains  on  August  23-24.  These  August  rains  all  came  from  a  series  of  thunder¬ 
storms,  and  at  times  the  storms  produced  high  winds  and  hail.  The  principal  conditions 
causing  the  month’s  major  impacts  in  the  region  on  August  23-24  were  heavy  rains  (>4 
inches)  and  high  winds.  Winds  in  excess  of  70  mph  were  reported  in  various  parts  of  the 
Chicago  metropolitan  area  during  this  last  event. 

The  major  sectors  with  impacts  from  the  heavy  rains,  flooding,  and  high  winds  of  August 
2007  included: 

•  Property-houses,  buildings,  and  vehicles 

•  Agriculture-growing  crops 

•  Transportation-airlines,  railroads,  and  vehicles 

•  Government-costs  to  prepare  for  flooding  and  to  respond  to  damages 

•  Environment-major  damage  to  thousands  of  trees,  and  release  of  polluted  waters 
into  Lake  Michigan 

•  Power-widespread  power  outages  and  multiple  days  before  repair 

•  Health  and  well-being-the  storms  resulted  in  two  deaths-one  from  electrocution 
in  a  flooded  basement  and  another  person  hit  by  a  falling  tree.  Several  hundred 
people  had  to  be  evacuated  from  flooded  area  in  suburban  communities  along 
the  Des  Plaines  and  Fox  Rivers. 

Property  Losses 

Several  Illinois  suburbs  along  the  Fox  and  Des  Plaines  Rivers  had  serious  flooding  during 
August  23-28,  and  many  places  fought  the  floods  with  massive  sandbagging  efforts. 
Communities  with  major  flood-related  problems  included  Prospect  Heights,  Me  Henry, 
Gurnee,  Des  Plaines,  and  Riverside.  The  levels  of  the  Des  Plaines  River  reached  near 
record  levels  at  locations  from  the  Wisconsin  border  south  to  west  of  Chicago.  The 
Kishwaukee  River  also  flooded  and  set  all-time  record  high  levels  in  the  DeKalb  area. 
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closing  most  bridges,  destroying  a  golf  course,  and  leading  to  the  closure  of  Northern 
Illinois  University.  More  than  600  persons  in  De  Kalb  and  Sycamore  had  to  be  evacuated. 
Flooding  on  the  Fox  River  extended  south  from  Fox  Lake  past  Geneva  and  to  Morris 
where  damages  occurred.  The  Du  Page  River  also  had  flooding  which  created  damages  in 
Bollingbrook  and  Plainfield.  Most  of  the  area's  rivers  drain  into  the  Illinois  River  and  it 
experienced  levels  well  above  flood  stage  on  August  25  and  as  far  south  as  Havana  on 
August  31.  The  Mississippi  River  exceeded  flood  stages  in  late  August  at  Quincy  and 
Grafton,  a  result  of  the  heavy  rains  in  northwestern  Illinois  and  southern  Wisconsin. 

The  high  winds,  particularly  on  August  23,  caused  thousands  of  trees  and  branches  to 
fall.  Many  fell  on  homes  and  vehicles,  causing  serious  damages.  Severe  wind  damages 
were  reported  in  Schaumburg  and  Wilmette. 

The  property  insurance  industry  assesses  major  loss  events  and  if  the  losses  to  personal 
and  commercial  property  (including  vehicles)  exceed  $25  million,  an  event  is  called  a 
catastrophe.  Two  such  catastrophes  occurred  in  Illinois  and  adjacent  states  during  August 
2007.  On  August  8-9,  Illinois  had  $25  million  in  property  losses  in  the  Rockford  area, 
with  $5  million  in  Missouri  and  $62  million  in  Ohio.  Then  on  August  23-24,  Illinois 
experienced  $200  million  in  insured  property  losses.  Two  other  catastrophes  occurred  in 
Minnesota  and  Wisconsin  during  August  2007.  Storms  on  August  10  created  property 
losses  of  $160  million  in  those  two  states,  and  then  storms  on  August  13  caused  losses 
totaling  $220  million. 

The  types  and  amounts  of  loss  on  August  23-24  in  Illinois  and  Michigan  are  shown  in 
Table  2.  This  reveals  that  losses  to  personal  property  were  the  major  damages  with  $150 
million  in  Illinois.  High  winds  of  over  50  mph  in  this  storm  occurred  in  most  of  the  sub¬ 
urbs  north  of  Chicago.  Commercial  business  losses  ranked  second  and  vehicle  losses 
ranked  third  in  Illinois.  The  total  losses  for  Michigan  were  $75  million  and  much  of  this 
was  due  to  tornado  damages.  Besides  the  $200  million  in  insured  property  losses,  addi¬ 
tional  losses  occurred  in  the  agriculture,  utility,  transportation,  and  government  sectors. 
These  losses  are  shown  in  Table  3  and  described  below. 

Agriculture 

The  rains  were  of  some  benefit  to  the  corn  and  soybean  crops  of  northern  Illinois.  How¬ 
ever,  some  farmers  reported  that  the  rains  and  high  winds  caused  soybeans  to  fall  over 
and  become  entangled  (i.e.,  lodging).  The  high  winds  also  did  considerable  damage  to 
corn  crops  including  broken  roots  and  stalks.  One  insurance  firm  had  900  claims  related 
to  the  wind-damaged  crops  of  August  23-24.  Losses  were  estimated  at  $13  million. 

Transportation 

The  storms  on  August  23-24  caused  a  shutdown  of  O’Hare  Airport  at  3  pm  on  August  23 
and  many  flights  were  cancelled  and  delayed.  From  3  pm  to  9  pm  on  August  23  Chicago 
had  342  flights  cancelled.  Thousands  of  travelers  had  to  spend  the  night  at  O’ Hare,  but  by 
noon  on  the  24^’’  operations  were  back  to  normal.  Thirteen  flights  to  Chicago  were 
diverted  to  Milwaukee.  Chicago’s  Midway  Airport  also  had  many  flights  cancelled,  and 
26  incoming  flights  were  diverted  to  other  regional  airports. 
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Flooding  along  the  Mississippi  River  in  northwestern  Illinois  caused  rail  lines  adjacent  to 
the  river  to  be  closed  for  1  to  3  days.  The  Burlington  Northern  Sante  Fe  railroad  main  line 
from  Chicago  to  Minneapolis  had  a  washout  Just  north  of  Galena,  Illinois.  Its  trains  had 
to  be  diverted  to  other  rail  lines  for  several  days.  Flooding  of  streets  in  several  Chicago 
suburbs  on  August  23-25  stopped  vehicular  traffic.  The  high  winds  on  August  23  led  to 
massive  power  outages  and  this  led  to  no  power  for  crossing  lights  on  railroads,  and  sig¬ 
nals  at  hundreds  of  Junctions  were  inoperable,  causing  major  delays  and  numerous  acci¬ 
dents.  Losses  and  costs  to  transportation  systems  were  $33  million. 

Government 

The  flooding  and  high  wind  damages  impacted  local  city  governments  in  many  ways,  and 
led  to  expensive  repairs.  Some  communities  along  the  Fox  and  Des  Plaines  Rivers  were 
involved  in  sandbagging  endeavors.  On  August  23,  the  National  Weather  Service  issued  a 
tornado  warning  for  areas  Just  west  of  Chicago,  leading  to  many  warnings,  and  sirens 
were  sounded  in  Aurora,  Montgomery,  and  Sugar  Grove.  Concern  was  raised  later 
because  the  city  of  Chicago  did  not  issue  alerts  from  the  tornado  warning. 

The  state  government  reviewed  the  sizable  damages,  and  Illinois’  Governor  declared 
Cook,  Du  Page,  De  Kalb,  Kane,  Lake,  and  Me  Henry  counties  as  disaster  areas,  making 
them  available  for  state  and  federal  assistance.  Furthermore,  the  Federal  Emergency 
Management  Agency  (FEMA)  made  available  grant  money  for  future  flood  mitigation 
efforts.  The  total  amount  available  was  15  percent  of  the  amount  paid  out  by  FEMA  for 
flood  damages. 

The  flooding  and  local  damages  led  to  school  closures  on  August  24  in  several  Chicago 
suburbs.  Costs  for  repairs  experienced  by  local  and  state  government  agencies  amounted 
to  $19  million. 

Environment 

The  high  winds  on  August  23  caused  thousands  of  trees  to  be  blown  down.  Chicago  had 
3,000  trees  down  and  Wilmette  had  150.  Other  communities  with  massive  tree  damages 
included  Evanston,  Villa  Park,  Lombard,  Lisle,  Winnetka,  and  Elmhurst. 

The  heavy  rains  on  August  23-24  created  sizable  runoff  in  Chicago.  The  Deep  Tunnel 
system,  designed  to  hold  1 .8  billion  gallons  of  floodwaters  had  filled  by  7  pm  on  August 
23.  These  floodwaters  included  untreated  sewer  waters.  The  Chicago  Metropolitan  Water 
Reclamation  District  had  to  open  the  locks  at  Wilmette  and  let  the  overflow  of  untreated 
water  into  Lake  Michigan.  This  was  the  first  time  in  five  years  such  an  action  was  neces¬ 
sary.  A  total  of  224  million  gallons  of  polluted  water  were  released  into  the  lake  between 
7  pm  and  6  am  on  August  24.  Local  water  experts  testified  that  Chicago’s  drinking  water, 
which  is  taken  from  cribs  located  farther  out  into  the  lake,  was  not  polluted  by  these 
released  floodwaters.  However,  swimmers  were  warned  about  using  the  beaches  from 
Chicago  to  Waukegan  in  succeeding  days. 

Electrical  Power 

The  storms  of  August  23  with  widespread  high  winds  blew  down  many  power  poles,  and 
the  thousands  of  downed  trees  and  limbs  also  brought  thousands  of  power  lines  down, 
creating  a  serious  loss  of  power  in  parts  of  Chicago  and  many  suburbs.  Outages  affected 
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650,000  consumers  including  57,000  in  Chicago.  On  August  25,  245,000  consumers  were 
still  without  power  with  extensive  outages  existing  in  Glenview,  Wilmette,  and  Des 
Plaines.  Commonwealth  Edison  officials  labeled  this  event  as  “one  of  the  worst  storms 
ever.”  Thousands  of  homes  and  businesses  were  without  power,  street  intersection  con¬ 
trol  lights  were  out,  and  railroad-crossing  signals  were  inoperable.  By  August  25,  Com¬ 
monwealth  Edison  had  800  crews,  each  with  2  or  3  men,  working  on  16-hour  shifts  to 
restore  power.  This  included  200  workers  imported  from  other  power  companies  in  Illi¬ 
nois.  Most  power  had  been  restored  by  August  29,  five  days  after  the  storm.  The  costs  to 
repair  the  power  systems  were  estimated  as  $63  million. 

SUMMARY 

A  quasi-stationary  front  set  up  in  northern  Illinois  in  August  2007  produced  record-set- 
ting  heavy  rains,  flooding,  and  severe  weather  across  the  region.  The  major  events 
occurred  on  August  5-7,  19-21,  and  23-24.  Rainfall  amounts  of  5  inches  or  more  were 
common  during  these  events.  Many  of  these  were  classified  as  extreme  events  as  they 
exceeded  the  amounts  expected  once  every  two  years  for  storm  durations  of  1  to  10  days. 
As  a  result,  northeastern  Illinois  experienced  its  wettest  August  since  1895  with  a  total  of 
11.61  inches.  Northwestern  Illinois  experienced  its  sixth  wettest  August  since  1895  with 
a  total  of  7.83  inches.  Amounts  at  individual  stations  were  even  higher.  Some  35  sites 
received  rainfall  of  10  inches  or  more  while  Genoa  reported  the  largest  total  for  the  state, 
16.56  inches. 

These  heavy  rain  events  produced  significant  impacts.  In  particular,  the  August  23-24 
storm  in  northeastern  Illinois  was  of  major  proportions.  Heavy  rains  fell,  and  floods  and 
winds  were  at  record  or  near  record  levels.  The  storms  occurred  in  the  state’s  most  heav¬ 
ily  populated  areas  with  a  high  density  of  high  valued  property.  Several  sectors  of  the 
economy  were  negatively  impacted,  including  insured  losses  in  personal  and  commercial 
property,  and  crop  losses  of  $213  million  with  additional  losses  of  another  $115  million 
in  transportation,  government,  and  utilities.  Combined  with  the  $25  million  from  the 
August  5-7  event,  the  total  losses  to  Illinois  in  August  were  at  least  $353  million. 

The  events  in  August  2007  fit  the  documented  pattern  of  more  frequent  and  heavier  rain¬ 
fall  in  recent  decades  in  Illinois.  The  combined  impact  of  record  rainfall,  high  winds,  and 
high  river  levels  over  a  densely  populated  area  produced  sizeable  financial  impacts  that 
underscore  society’s  continued  vulnerability  to  such  events.  Their  impacts  should  be  con¬ 
sidered  in  future  planning  and  mitigation  efforts. 
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Table  1.  Rainfall  totals  for  August  2007  for  the  northwest  and  northeast  climate  divi¬ 
sions.  A  **  denotes  those  stations  with  over  100  years  of  data  that  set  their  all- 
time  August  record. 


Name 

Rainfall 

Name 

Rainfall 

Northwest  Illinois 

Ottawa  5SW** 

14.27 

Rockford  Airport 

13.98 

Marengo** 

14.19 

Roscoe  2SE 

12.24 

Barrington  3SW 

13.84 

Freeport  Waste  Wtr  PI 

12.11 

Woodstock  5NW 

12.96 

Shirland 

11.62 

Chicago  Botanical  Garden 

12.76 

Steward  3S 

10.53 

McHenry  Wg  Stratton  L&D 

12.71 

Rochelle 

10.23 

Morris  INW 

12.59 

Apple  River  Canyon  St  Pk 

9.30 

Mundelein  4WSW 

12.48 

Hennepin  Water  Trtmt 

8.92 

Crystal  Lake  4NW 

12.12 

Prophetstown 

8.83 

De  Kalb 

12.02 

Oregon  3SW 

8.29 

Newark  2SSE 

11.90 

Geneseo 

8.08 

Streamwood 

11.79 

Aledo 

7.96 

Peru 

11.66 

Amboy 

7.92 

Harvard 

11.55 

Illinois  City  Dam  16 

7.80 

Antioch** 

11.42 

Kewanee  IE 

7.66 

Yorkville  3SW 

11.17 

Dixon  INW 

7.35 

Mendota  2SE 

10.91 

Moline  Wso  Ap 

7.34 

Plano 

10.86 

Polo  5NW 

7.32 

Joliet  Brandon  Rd  Dam 

10.75 

Rock  Falls  3NE 

7.25 

Earlville  3S 

10.65 

Elizabeth 

7.20 

St  Charles  7NW 

10.49 

Stockton  3NNE 

7.16 

Channahon  Dresden  Island 

10.35 

Galva 

6.98 

Monee  Reservoir 

10.10 

Lanark 

6.81 

Spring  Grove 

10.06 

Paw  Paw  2NW 

6.52 

Romeoville  Wfo 

9.76 

Rock  Island  L&D  15 

6.10 

Chicago  OHare  Ap 

9.70 

Galena 

6.04 

Little  Red  School  House 

9.68 

Morrison 

6.01 

Plainfield  3ne 

9.38 

Woodhull 

5.79 

Aurora 

9.20 

Mount  Carroll 

5.52 

Elburn 

9.06 

Fulton  L&D  #13 

3.45 

Chicago  Midway  Ap  3SW 

8.76 

La  Grange 

8.72 

Northeast  Illinois 

Shabbona  3S 

8.30 

Genoa  2SW 

16.56 

Glen  Ellyn  4S 

8.28 

Peotone 

16.06 

Oak  Brook  2W 

8.13 

Elgin** 

15.69 

Park  Forest 

6.88 

Belvidere 

15.29 

Lansing 

6.77 

Marseilles  Lock 

14.46 

Wheaton  3SE 

5.56 
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Table  2.  Types  of  loss  and  amounts  of  loss  to  property  in  Illinois  and  Michigan  from 
storms  on  August  23-24,  2007. 


Vehicles 

Personal  Goods 

Commercial 

State 

#  claims  Avg  Total* 

#  claims 

Avg 

Total* 

#  claims  Avg 

Total* 

Illinois 

7,000 

$2142  $15 

35,000 

$4285 

$150 

6,000  5,883 

$35 

Michigan 

3,000 

$4916  $6 

12,000 

$4916 

$59 

2,000  $5,000 

$10 

*Losses  in  millions  of  dollars 

Table  3.  Losses  and  costs  associated  with  the  severe  storms  on  August  23-24,  2007. 


Sector  Losses/costs  in  millions  of  dollars 


Property 

$200 

Agriculture 

$13 

Transportation 

$33 

Government 

$19 

Utilities 

$63 

Total 

$328 
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Figure  1 .  Map  of  1-day  precipitation  ending  August  7,  2007,  at  7:00  a.m.  CDT. 


Figure  2.  Map  of  2-day  precipitation  ending  August  24,  7  a.m.  CDT. 
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Figure  3.  Map  of  monthly  total  precipitation  for  August  2007. 


Figure  4.  For  Genoa,  Illinois  (DeKalb  County)  in  August  2007,  the  daily  precipitation 
(bars),  accumulated  precipitation  (line),  and  the  three  outstanding  rain  events  of 
the  month  (amounts,  storm  duration,  and  return  period). 


Daily 


Accumulated 
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ABSTRACT 

Illinois  and  three  adjacent  states  were  hit  by  devastating  hailstorms  on  April  13-14,  2006. 
Property  losses  totaled  $1,822  billion,  an  amount  considerably  more  than  any  prior  hail¬ 
storm  event  in  the  nation.  The  huge  loss  in  April  2006  was  largely  due  to  several  severe 
storms  with  frequent  large  hail  hitting  Chicago  and  several  other  metropolitan  areas.  A 
highly  unstable  air  mass  that  developed  on  April  1 3  led  to  a  large  number  of  hailstorms  in 
a  relatively  small  region,  and  several  supercell  thunderstorms  formed  and  produced  large 
hailswaths  across  portions  of  Illinois,  Indiana,  Iowa,  and  Wisconsin  during  a  30-hour 
period.  The  excessive  storm  damages  in  Illinois  caused  losses  amounting  to  $648  million 
with  major  damages  in  Moline-Rock  Island,  Peoria,  and  several  Chicago  suburbs. 

Keywords:  hailstorms;  property  damages;  record  losses 


INTRODUCTION 

A  series  of  very  severe  hailstorms  struck  Illinois  and  surrounding  areas  during  a  30-hour 
period  on  April  13-14,  2006,  resulting  in  property  losses  of  $1,822  billion,  a  new  record 
high  hail  loss  in  the  U.S.  (Changnon, 1999).  The  previous  highest  hail  loss  event  occurred 
on  April  10,  2001,  when  losses  in  a  3-state  area  (including  Illinois)  reached  $1.5  billion 
(Changnon  and  Burroughs,  2003).  The  April  2006  hail  loss  total  was  also  the  largest 
weather-caused  loss  in  the  U.S.  during  2006  (PCS  2006).  This  paper  examines  the  dimen¬ 
sions  of  the  April  2006  storm  event  and  the  causes  for  the  record  losses. 

An  unstable  air  mass  with  upper  air  conditions  conducive  to  the  development  of  severe 
thunderstorms  developed  across  the  central  Midwest  on  the  afternoon  of  April  13.  Super¬ 
cell  thunderstorms  developed  in  eastern  Iowa  at  1700  LST  (Local  Standard  Time),  and 
moved  eastward,  eventually  crossing  southern  Wisconsin,  forming  a  528-km  path. 
Another  group  of  damaging  storms  developed  at  1815  LST  in  southeastern  Iowa  and 
moved  across  central  Illinois,  terminating  at  0100  LST.  on  April  14.  A  third  large  com¬ 
plex  of  damaging  storms  began  at  1845  LST  on  April  14  in  east-central  Illinois  and 
moved  across  Indiana,  terminating  five  hours  later  at  the  Indiana-Ohio  border.  The  30- 
hour  stormy  period  included  the  production  of  12  other  smaller  hailswaths  (fig.  1),  and 
these  also  caused  severe  damages. 
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An  important  aspect  of  most  storms  was  the  production  of  large  hailstones.  More  than 
390  locations  reported  hail  and  286  had  hailstones  with  diameters  of  2.5  to  5  cm.  Hail¬ 
stones  with  diameters  of  7.5  to  10  cm  fell  in  19  locales  in  Illinois.  In  contrast,  the  average 
Midwestern  hailstone  size  is  0.65  cm  (Changnon,  1977).  At  most  locales  reporting  hail, 
the  duration  was  5  to  9  minutes,  longer  lasting  than  the  regional  point  average  of  2  min¬ 
utes,  and  many  locales  had  high  winds  with  the  hail,  adding  to  the  damage.  The  April 
storms  also  produced  28  tornadoes,  but  all  were  short-lived,  small,  and  rated  as  weak,  as 
FO  or  FI  on  the  Fujita  storm  scale.  One  tornado  struck  Iowa  City,  and  the  total  property 
losses  from  the  tornadoes  and  high  winds  were  $27.8  million  with  no  deaths. 

STORM  DIMENSIONS 

Great  atmospheric  instability  across  the  Midwest  on  April  13  led  to  the  development  of 
three  large  areas  of  hailstorms,  and  these  storm  areas  lasted  for  5  to  7  hours  and  each 
moved  more  than  320  km.  Figure  1  shows  these  three  large  hailswath  areas  labeled  as  A, 
B, and  C. 

Hailswath  A  began  at  1650  LST  on  the  13'^  in  Iowa,  and  extended  eastward  518  km, 
ending  near  midnight  in  the  Milwaukee  area.  Considerable  amounts  of  damaging  hail  fell 
in  the  Milwaukee  metropolitan  area. 

Hailswath  B  began  in  Iowa  at  1815  LST  on  April  13  and  extended  to  the  east-southeast 
for  488  km,  ending  at  0100  LST  on  the  14‘^  in  eastern  Illinois.  It  had  widths  varying  from 
18  to  60  km,  and  during  its  6.5-hour  lifetime  it  contained  11  hailstorms.  Storms  in  hail¬ 
swath  B  created  large  property  losses  in  Rock  Island,  Moline,  Peoria,  and  numerous 
smaller  Illinois  communities. 

Hailswath  C  began  at  1845  LST  on  April  14  along  the  Illinois-Indiana  boundary  and  its 
storms  moved  east-southeast  for  322  km  before  ending  at  the  Indiana-Ohio  boundary  at 
midnight. 

It  created  major  property  damages  in  the  Indianapolis  metropolitan  area. 

These  three  long  and  wide  hailswaths  on  April  13-14  exceeded  average  sizes  of  hail- 
swaths.  Historical  data  show  that  hailswaths  typically  have  lengths  ranging  from  80  to 
330  km  with  an  average  of  205  km,  and  widths  typically  range  from  10  to  25  km 
(Changnon  1977). 

Illinois  experienced  seven  other  smaller  hailswaths,  as  shown  in  figure  1.  Hailswath  #2 
brought  damages  to  several  northern  suburbs  of  Chicago,  and  hailswaths  #4  and  #12  cre¬ 
ated  major  losses  in  the  western  suburbs,  including  Joliet  and  Aurora,  and  in  portions  of 
south  Chicago.  Hailswath  #5  brought  damages  to  Lincoln  and  Clinton,  and  hailswath  #10 
created  hail  losses  in  and  around  Gibson  City  and  Watseka. 

LOSSES 

The  insurance  industry  provided  data  on  the  types  of  property  losses  for  each  of  the  four 
states  (Property  Claims  Service,  2006).  The  total  number  of  claims  of  hail  damage  was 
404,000,  and  the  total  losses  were  $1,822  billion.  The  losses  in  each  state  and  for  the 
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types  of  property  damaged  are  shown  in  table  1 .  This  reveals  that  Indiana  had  the  largest 
losses  totaling  $684  billion,  Illinois  losses  were  $648  million,  ranking  as  second  largest. 
Personal  property  (homes)  suffered  the  greatest  losses  in  all  four  states,  totaling  $1,012 
billion.  Commercial  properties  had  $371  million  in  losses.  Vehicle  losses  totaled  $269 
million  and  were  larger  in  Illinois  than  in  other  states. 

Past  studies  have  shown  that  insured  property  losses  represent  90  percent  of  the  total 
losses  from  a  storm  (Roth,  1996).  Thus,  the  uninsured  property  losses  for  the  April  13-14 
storm  event  would  be  approximately  $180  million.  If  this  value  is  added  to  the  insured 
loss  value,  the  hail  loss  total  would  be  $2,002  billion. 

SUMMARY 

Insured  property  losses  in  Illinois  and  three  adjacent  states  due  to  hailstorms  on  April  13- 
14,  2006,  were  $1,822  billion,  an  amount  considerably  more  than  the  previous  record  of 
$1.5  billion  set  by  the  hail  event  on  April  10,  2001.  The  huge  losses  in  April  2006  were 
largely  due  to  several  severe  storms  in  a  30-hour  period  with  frequent  large  hail  that  hit 
several  major  metropolitan  areas  in  Illinois  and  adjacent  states.  A  large  number  of  hail¬ 
storms  developed  in  a  relatively  small  region,  and  several  produced  long  hailswaths 
across  large  portions  of  Illinois,  Indiana,  and  Wisconsin.  The  excessive  storm  damages  in 
the  Chicago,  Milwaukee,  and  Indianapolis  metropolitan  areas  caused  much  of  the  April 
13-14  loss. 
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Table  1.  Insured  property  losses  from  hail  on  April  13-14,  2006,  showing  losses  for 
various  types  of  property  and  for  each  state.  Amounts  are  in  millions  of  2006 
dollars. 


Type  of  property 

Indiana 

Wisconsin 

Iowa 

Illinois 

Total 

Personal 

374 

300 

37 

301 

1,012 

Commercial 

130 

50 

21 

160 

361 

Vehicles 

180 

70 

12 

187 

449 

Total 

684 

420 

70 

648 

1,822 

Fig.  1.  The  hailswaths  that  occurred  on  April  13-14,  2006.  The  three  very  large  hail- 
swaths  are  labeled  A,  B,  and  C,  and  the  smaller  hailstreaks  are  numbered.  Their 
order  is  based  on  their  sequence  of  formation  in  time  with  #1  being  the  first  and 
#12  the  last. 
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ABSTRACT 

Adequate  understanding  of  all  aspects  of  the  climate  of  Illinois  and  its  effects  on  humans 
and  the  environment  has  required  data  collection  and  research  over  the  past  150  years. 
Meaningful  climate  studies  were  limited  before  about  1910  by  the  lack  of  an  adequate 
network  of  weather  stations  to  provide  needed  surface  data.  The  evolution  of  a  network 
of  weather  stations  involved  three  eras  of  development  that  began  in  1849  and  included 
the  Smithsonian  Institute,  U.S.  Army,  and  the  Department  of  Agriculture.  In-depth  stud¬ 
ies  of  climate,  given  adequate  upper  air  data  that  began  being  collected  during  the  1920s- 
1940s,  were  launched  after  1950  .  These  have  defined  the  considerable  spatial  variations 
in  climate  across  the  state,  some  caused  by  Lake  Michigan  and  others  by  the  hills  of 
southern  Illinois.  The  studies  have  also  shown  that  considerable  temporal  fluctuations  in 
temperatures  and  precipitation  have  occurred  since  1850,  but  recent  data  do  not  suggest  a 
change  in  Illinois’  climate  due  to  global  warming.  Studies  have  also  defined  the  impacts 
of  state’s  climate  on  human  health  and  well  being,  on  agriculture,  transportation,  busi¬ 
ness,  and  the  environment. 


INTRODUCTION 

A  long-term  goal  of  climate  scientists  since  the  18'*’  Century  has  been  to  define  and 
understand  the  climate  of  Illinois  and  other  states.  Scientists  in  the  19*  Century  struggled 
to  collect  sufficient  weather  data  collected  in  Illinois  to  describe  and  then  to  understand 
the  state’s  climate.  These  endeavors  were  motivated  by  awareness  that  the  climate 
affected  human  health,  crops,  livestock,  and  human  activities,  but  the  relationships  were 
not  quantified.  Thus,  actions  and  adjustments  to  adapt  wisely  to  climate  conditions  were 
not  possible. 

Initial  measurements  of  climate  were  based  on  data  from  surface  weather  instruments, 
primarily  thermometers  and  raingages.  During  the  19*  Century  instruments  to  measure 
other  climate  conditions,  including  clouds,  winds,  sunshine,  humidity,  soil  moisture  and 
temperatures,  and  evaporation,  were  developed  and  installed  at  a  few  locations  in  Illinois. 
A  network  of  weather  stations  at  a  density  adequate  to  define  the  climate’s  spatial  varia¬ 
tions  across  Illinois  also  had  to  be  installed.  The  need  to  measure  atmospheric  conditions 
aloft  led  to  use  of  kites  by  1910  to  carry  instruments  aloft,  and  this  technique  was 
improved  in  the  1930s  by  use  of  radiosondes,  balloons  that  carried  instruments  aloft  and 
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that  radioed  back  the  data.  More  recent  measures  of  conditions  aloft  have  come  from 
radars  and  satellites. 

In  recent  years  the  possibility  of  a  change  in  climate  due  to  human  activities  has  become 
an  issue  facing  Illinois  and  the  rest  of  the  world.  Questions  arise  as  to  whether  today’s 
climate  is  different  from  that  of  the  past.  Answering  this  critical  question  relies  on  com¬ 
parisons  with  historical  climate  conditions  and  how  long  adequate  weather  measurements 
have  been  made  in  Illinois.  This  article  explores  the  history  of  weather  and  climate  meas¬ 
urements  and  studies  made  in  Illinois  and  presents  historical  data  to  show  our  past  cli¬ 
mate.  The  history  of  the  efforts  to  define  the  state’s  climate  and  its  impacts  on  society  and 
the  environment,  reveals  an  interesting  mixture  of  science  and  political  activity  in  Wash¬ 
ington,  D.C.  During  the  19‘^  Century  there  were  three  eras  each  involving  different 
efforts  to  develop  an  adequate  national  weather  network.  In-depth  climate  research  began 
in  the  20^’’  Century  when  adequate  quality  data  had  finally  become  available. 

EARLY  DATA  COLLECTION 

Measurements  of  certain  weather  conditions  in  the  U.S.  began  during  the  18*  Century.  A 
few  individuals  concerned  with  the  climate  like  Benjamin  Franklin  established  their  own 
measurement  station  using  a  variety  of  early  instruments.  Thomas  Jefferson  was  another 
famous  person  who  was  intrigued  about  the  climate  and  how  it  affected  crops.  He  estab¬ 
lished  weather  stations  at  his  home,  Monticello,  Virginia,  and  over  the  years  made 
assessments  of  how  various  climate  conditions  in  nearby  valleys  and  on  hills  affected  his 
crops.  The  few  scientists  of  the  time  were  trying  to  figure  out  the  mysteries  about  how  the 
atmosphere  circulates  and  the  causes  of  storms.  Early  weather  measurements  were  made 
in  the  settled  East  Coast  where  a  few  persons  were  interested  in  weather.  Illinois  was 
largely  unsettled  at  this  time  and  hence  no  data  were  collected  here  in  the  18*  Century. 

The  growing  interest  in  weather  phenomena  and  climate  conditions  led  to  the  develop¬ 
ment  of  companies  who  began  making  weather  instruments  late  in  the  18*  Century 
(Fleming,  1990).  Their  products  included  thermometers  that  identified  the  highest  and 
lowest  values  since  the  last  observation,  usually  done  two  or  three  times  a  day.  They 
made  cylinders  designed  to  stand  alone  and  serve  as  a  raingage,  and  they  also  made  wind 
vanes.  Devices  for  recording  rainfall  over  time  were  developed  by  mid- 19*  Century.  The 
presence  of  such  instruments  allowed  the  measurements  of  Illinois  weather  and  climate  to 
begin  early  in  the  19*  century,  and  the  subsequent  evolution  of  weather  measurements 
ultimately  led  to  an  understanding  of  the  Illinois  climate. 

Army  concerns  about  how  the  climate  may  have  affected  the  health  of  soldiers  during  the 
War  of  1812  led  to  the  first  organized  effort  to  measure  the  weather  (Fleming,  1990).  The 
Army’s  Surgeon  General,  one  Joseph  Lovell,  had  a  climate  interest,  and  in  1814  he 
issued  orders  that  medical  staff  at  each  army  base  of  consequence  would  make  weather 
measurements  and  record  the  data  in  a  “weather  diary”.  At  this  time,  most  military  bases 
were  in  the  east  although  Illinois  had  forts  at  three  locations:  Fort  Armstrong  (Rock 
Island),  Fort  Dearborn  (Chicago),  and  Ft.  Edwards  (Peoria).  Weather  measurements 
began  at  these  forts  in  1820,  the  first  organized  weather  measurement  effort  in  the  state 
(Whitnah,  1961). 
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EARLY  CLIMATE  QUESTIONS 

Major  debates  among  scientists  about  the  local,  regional,  and  national  dimensions  of  the 
climate  continued  throughout  the  19^'^  Century.  The  possible  cause  of  storms  was  a  key 
question  (Whitnah,  1961).  Climate  change  and  the  influence  of  land  clearing  on  climate 
were  also  questions  of  great  concern.  Many  speculated  about  the  influence  of  climate  on 
agriculture  and  human  health.  Thomas  Jefferson  had  offered  various  views  of  climate 
change,  stating  it  was  occurring.  Others  disagreed.  Professor  Elias  Loomis,  a  well  known 
scientist,  stated  in  the  1860s  that  no  climate  change  had  occurred  in  past  2000  years. 
Today  climate  change  has  become  a  major  scientific  issue. 

FIRST  ERA  OF  A  NATIONAL  CLIMATE  NETWORK 

Professor  Joseph  Henry  became  head  of  the  science-oriented  Smithsonian  Institute  in 
1846.  He  was  intrigued  with  climate  conditions,  and  in  1849  he  started  establishing  a 
nationwide  network  of  weather  stations.  Importantly,  the  Smithsonian  Institute  supplied 
standardized  instruments  to  each  station,  plus  standardized  reporting  forms,  and  set 
schedules  as  to  when  to  make  measurements.  Some  observers  telegraphed  reports  but 
most  kept  only  monthly  reports.  This  ushered  in  the  first  era  of  an  organized  weather 
network  in  the  nation.  At  each  weather  station  a  small  wooden  shelter  was  built  to  house 
the  thermometers  and  shield  them  from  direct  sunlight.  Measurements  were  typically 
made  three  times  a  day  including  7-8  a.m.,  2-3  p.m.,  and  8-9  p.m. 

In  Illinois,  the  Smithsonian  program  led  to  establishment  of  volunteer  weather  observers 
at  8  stations  by  1856.  Most  were  in  the  settled  parts  of  the  state  in  the  north  and  at  com¬ 
munities  along  or  near  major  rivers.  Some  of  the  early  stations  were  established  at 
Galena,  Marengo,  Ottawa,  and  Augusta.  The  weather  stations  operating  in  1860  are  show 
in  Figure  1 . 

The  network  grew  and  had  15  stations  in  Illinois  by  1870,  although  several  early  stations 
lasted  only  a  few  years  as  observers  died  or  lost  interest.  For  example,  a  station  began  in 
Woodstock  in  1857  and  then  ended  in  1861.  Only  a  few  stations  existed  in  central  Illinois 
since  settlement  did  not  occur  until  the  construction  of  several  railroads  through  the  area 
during  1851-1870.  In  1852  Professor  Henry  began  plotting  monthly  temperature  and 
rainfall  data  on  maps  in  an  effort  to  define  the  climate  across  the  nation.  By  1860  the 
Smithsonian  network  had  50  stations,  but  the  number  was  reduced  by  the  Civil  War. 

SECOND  ERA  OF  THE  NATIONAL  NETWORK 

After  the  Civil  War  there  was  a  desire  to  have  a  government-sponsored  weather  observer 
network,  strongly  urged  by  Issac  Newton,  Commissioner  of  Agriculture  (Fleming,  1990). 
Certain  members  of  Congress  pressured  for  a  national  weather  network  to  be  led  by  the 
U.S.  Army.  Legislation  to  do  this  was  passed  and  signed  in  1870  by  President  Ulysses  S. 
Grant  who  had  learned  to  appreciate  weather  information  during  the  Civil  War  (Fleming, 
1990).  Thus,  a  second  era  of  a  national  weather  network  began  in  1870  when  the  Army‘s 
Signal  Corps  was  assigned  the  responsibility  to  operate  a  national  network  of  stations, 
and  to  issue  weather  warnings  based  on  data  telegraphed  to  Washington  D.C.  from  25 
stations,  each  manned  by  Army  personnel. 
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The  new  network  also  included  many  non-military  observers  needed  to  handle  the  obser¬ 
vations  at  the  expanding  number  of  weather  stations.  Several  of  the  existing  Smithsonian 
network’s  283  stations  were  incorporated  in  the  Army’s  network. 

Individual  state  weather  services  designed  to  supplement  the  national  network  and  to 
serve  state  needs  became  a  widely  accepted  concept  in  the  1870s.  This  endeavor  added 
many  stations  to  the  nation’s  network.  Such  a  service  was  developed  in  Illinois  in  1881, 
and  created  8  stations  including  ones  at  Sycamore,  Griggsville,  Greenville,  and  Palestine 
(Page,  1949).  A  station  at  Urbana  was  established  in  1888  to  meet  the  local  university’s 
agricultural  research  needs  (Changnon  and  Boyd,  1963). 

DEVELOPMENT  OF  CLIMATE  RESEARCH 

The  growing  weather  data  base  allowed  climate  research  endeavors  to  be  initiated.  One 
research  focus  involved  trying  to  understand  the  climate  and  its  causes,  and  another  on 
how  the  climate  impacted  human  health,  agriculture,  and  flooding  (Page,  1949).  By  1890 
data  in  Illinois  had  become  sufficient  to  allow  definition  of  the  major  regional  differences 
in  the  climate  across  the  state,  showing  sizable  spatial  differences  in  the  average  rainfall 
and  temperatures  between  northern  and  southern  Illinois.  These  analyses  also  identified 
the  presence  of  local  climate  differences  due  to  the  hills  of  southern  Illinois  and  those  in 
northeastern  Illinois  due  to  Lake  Michigan  (Page,  1949). 

THIRD  ERA  OF  THE  NATIONAL  NETWORK 

Congressional  concern  about  having  the  U.S.  Weather  Bureau  housed  within  the  Army 
grew.  In  1887  the  Chicago  Board  of  Trade  petitioned  Congress  to  make  the  operations 
more  efficient  and  public  responsive.  These  issues  led  to  debates  in  Congress  about 
whether  to  have  the  Weather  Bureau  under  civilian  control.  Weather  and  climate  science 
and  information  had  become  of  great  interest  and  value  to  the  nation’s  population  and 
businesses. 

Senator  John  Logan  of  Illinois  became  convinced  of  the  need  for  an  agency  shift,  and  he 
introduced  a  bill  in  1882  to  transfer  the  service  to  the  Department  of  Interior  (Whitnah, 
1961).  This  action  and  other  problems  led  Secretary  of  War  Robert  Lincoln  to  support  the 
detachment  of  the  Weather  Bureau  from  military  control.  However,  no  existing  agency 
wanted  the  Weather  Bureau  at  that  time. 

Meanwhile,  agricultural  interests  in  the  nation  were  pushing  for  a  federal  agricultural 
department.  A  bill  placing  the  Weather  Bureau  in  the  new  agriculture  agency  was  put 
forth  in  1887.  The  Department  of  Agriculture  was  formed  in  1889,  and  a  law  transferring 
the  Weather  Bureau  to  Agriculture  was  passed  in  1891  (Whitnah,  1961).  Thus,  it  became 
a  civilian  agency,  the  start  of  the  third  era  of  national  weather  measurements  and  one  that 
is  growing  and  changing  to  the  present  day. 

Many  existing  weather  stations  in  1891  did  not  possess  standard  thermometers  or  rain- 
gages,  and  the  new  agency  began  replacing  instruments  during  the  1893-1910  era.  The 
expansion  led  in  1892  to  72  first  order  stations,  those  manned  by  trained  observers. 
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including  ones  at  Chicago,  Peoria,  Moline,  and  Springfield,  Illinois.  Illinois  also  had  29 
stations  manned  by  volunteers  by  1891.  The  move  of  the  Weather  Bureau  to  the  Agri¬ 
culture  Department  in  1891  had  also  included  the  incorporation  of  the  stations  in  the  state 
networks  into  the  national  network. 

Growth  continued  and  by  1902  the  nation’s  number  of  first  order  stations  was  160.  The 
cooperative  observer  network  also  underwent  sizable  growth.  By  1900,  28  more  stations 
had  been  established  in  Illinois,  and  the  state  now  had  57  stations  with  temperature  and 
precipitation  records  that  had  begun  in  1891  or  earlier.  By  1913  Illinois  had  81  weather 
stations  and  this  grew  to  109  stations  by  1930  (Fig .2).  Their  data  allowed  the  first  mean¬ 
ingful  studies  of  how  the  climate  had  shifted  over  time  (Page,  1949). 

Many  new  weather  instruments  were  developed  during  the  1880-1920  period.  This 
included  the  Triple  Register,  a  battery-powered  device  that  measured  and  then  recorded 
the  sunshine,  precipitation,  and  wind  speed  and  direction.  Other  instruments  installed  at  a 
few  stations  included  recording  raingages,  evaporation  pans,  and  soil  moisture  probes. 
Devices  to  record  the  air  pressure,  temperature,  and  humidity  were  developed  and 
installed  around  1900  at  a  few  stations  manned  by  Weather  Bureau  personnel. 

The  advent  of  airplanes  created  pressure  for  data  on  the  atmospheric  conditions  aloft  and 
moving  across  the  state.  Since  1912,  efforts  to  get  data  on  upper  air  conditions  had  relied 
on  use  of  kites  carrying  a  few  instruments,  but  they  could  not  go  high  enough  to  get  criti¬ 
cal  measurements  aloft.  In  the  1930s  a  new  device  was  developed,  labeled  the  radios¬ 
onde.  It  was  hauled  aloft  by  a  balloon  and  could  radio  transmit  the  atmospheric  values 
back  to  launch  site  as  it  lifted  aloft.  It  could  go  to  great  heights  (50,000  feet),  and  had  a 
parachute  to  bring  the  instruments  safely  back  to  earth  after  the  balloon  exploded.  A 
radiosonde  station  was  established  in  Peoria  as  part  of  a  national  network  of  radiosondes. 

More  major  changes  occurred.  The  pressures  of  commercial  aviation  for  timely  weather 
data  led  politicians  to  the  shift  of  the  Weather  Bureau  to  the  Department  of  Commerce  in 
1942.  The  Bureau  was  renamed  in  1966  as  the  National  Weather  Service,  and  in  1970  it 
became  part  of  a  new  sub-agency  in  Commerce,  the  National  Oceanic  and  Atmospheric 
Administration. 

Growing  local  interests  in  climate  and  concerns  about  flooding  and  its  early  detection,  led 
to  the  installation  of  78  more  raingage  stations  in  Illinois  during  1910-1960.  The  devel¬ 
opment  of  radar  during  World  War  II  led  to  its  use  to  measure  rainfall  and  storms  across 
Illinois  and  other  states,  and  the  development  of  satellite-based  measurements  of  clouds 
occurred.  Today,  Illinois  has  212  weather  stations,  an  average  of  2  per  county. 

RECENT  STUDIES  OF  ILLINOIS’  CLIMATE 

The  post  World  War  II  era  also  saw  the  development  of  major  weather  and  climate 
research.  Scientists  at  the  University  of  Chicago,  Argonne  National  Laboratory,  Northern 
Illinois  University,  and  at  the  Illinois  State  Water  Survey  focused  on  the  weather  and 
climate  of  Illinois. 
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The  debate  over  global  warming  and  climate  change  has  raised  many  questions  including 
the  extent  of  climate  change  since  the  mid  19'^  Century.  Illinois’  long-term  trends  in  pre¬ 
cipitation  and  temperature  were  developed  for  the  years  when  sufficient  quality  data  had 
become  available  in  the  mid  19^’’  Century. 

The  statewide  average  temperature  since  1840  exhibits  several  wide  fluctuations  (Fig.  3). 
Temperatures  peaked  in  the  1920-1940  period  when  the  nationwide  severe  droughts 
occurred  in  the  1930s.  The  lowest  temperatures  came  in  the  1850s.  Statewide  average 
precipitation  has  fluctuated  during  the  1861-2002  period  (Fig. 4).  It  was  highest  in  the 
1860-1890  period  when  temperatures  were  lowest.  Precipitation  was  least,  95  percent  of 
the  142  year  average,  in  the  1928-1942  Dust  Bowl  period.  Over  the  past  150  years  the 
climate  in  Illinois  has  had  several  large  fluctuations.  Climate  fluctuations  are  defined  as 
variations  lasting  from  10  to  1,000  years  (Landsberg,  1958). 

The  temporal  distributions  of  weather  and  climate  extremes  in  Illinois  have  also  been 
well  defined,  but  mainly  for  the  20^’’  Century.  The  frequencies  of  thunderstorms  and  hail¬ 
storms  have  fluctuated  but  not  exhibited  long-term  trends  to  more  or  less  over  time 
(Changnon,  2001).  However,  the  incidence  of  tornadoes  (Changnon,  1982)  and  heavy 
rain  days  (Changnon  and  Kunkel,  2006)  have  shown  upward  trends  over  time.  Winter 
storms  since  1900  have  also  fluctuated  widely  between  years  and  have  exhibited  an 
upward  trend  over  time  (Changnon,  1969;  Changnon,  et  al.,  2008).  Heat  waves  were  fre¬ 
quent  in  the  1930s  and  again  in  the  1990s  (Palecki  et  al.,  2001). 

The  collection  of  adequate  climate  data  since  1900,  as  well  as  the  collection  of  data  on 
conditions  affected  by  the  climate  (crops,  floods,  etc.)  allowed  assessment  since  about 
1950,  of  various  impacts  of  climate.  The  climate’s  relationship  to  the  state’s  water 
resources  has  been  defined  (Changnon  and  Demissie,  1996;  Changnon,  2003),  as  have 
climate  effects  causing  droughts  (Huff  and  Changnon,  1963;  Changnon  and  Easterling, 
1989)  and  flooding  (Changnon,  et  al.,  2001).  Climate  impacts  on  agriculture  are  now  well 
understood  (Changnon,  1966a,  1975).  Illinois  climate  also  affects  transportation  and 
related  businesses  (Changnon,  1996),  and  the  climate  has  diverse  impacts  on  all  major 
business  sectors  and  thus  on  the  state’s  economy  (Changnon,  1985).  The  extremes  of 
climate  including  severe  local  storms,  have  major  economic  and  human  impacts  in  Illi¬ 
nois,  leading  to  40  to  90  deaths  each  year  (Kunkel  et  al.,  1999;  Changnon,  2002).  Serious 
impacts  on  human  health  and  well  being  result  from  longer-term  climate  events  like  cold 
winters  (Changnon,  1979)  and  heat  waves  (Changnon,  et  al.,  1996). 

SUMMARY 

The  development  of  a  national  network  of  weather  stations  took  several  decades  before 
reaching  by  about  1930  a  level  needed  to  provide  data  adequate  for  meaningful  assess¬ 
ments  of  Illinois’  climate.  During  these  decades,  numerous  weather-measuring  instru¬ 
ments  were  being  developed  allowing  measurement  of  all  conditions  at  the  surface  and 
aloft  by  1940. 

For  150-1-  years  basic  questions  about  the  state’s  climate  have  existed.  These  included 
climate  causes/controls,  the  climate’s  variability  in  time  and  space,  whether  the  climate 
was  changing,  and  how  climate  affected  humans,  the  environment,  and  business.  Since 
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1940  there  have  been  extensive  definitive  studies  of  all  aspects  of  the  Illinois  climate 
(Page,  1949;  Changnon  et  al.,  2004).  These  have  included  assessing  severe  storms  across 
the  state  (Changnon  and  Kunkel,  2006);  how  Chicago  and  St.  Louis  have  altered  their 
climates  (Changnon,  1973);  and  how  the  hills  of  southern  Illinois  influence  their  climate 
(Changnon  et  al.,  1975).  Furthermore,  numerous  studies  have  defined  the  influence  of 
Lake  Michigan  on  climate  (Changnon,  1966b;  Changnon,  1968),  and  numerous  studies 
have  addressed  how  the  state’s  climate  has  affected  the  environment,  human  health,  agri¬ 
culture,  and  the  economy  of  Illinois.  The  fluctuations  in  the  state’s  temperatures  since 
1840  do  not  indicate  an  increasing  trend  in  recent  decades.  The  effects  of  global  warming 
may  not  be  evident  in  the  data  of  all  areas  of  the  United  States. 
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Figure  1.  The  weather  stations  operating  in  Illinois  during  1860. 
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Figure  2.  The  weather  stations  operating  in  Illinois  during  1930. 
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Figure  3.  The  annual  average  temperature  for  Illinois  during  1840-2006. 
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Figure  4.  The  average  precipitation  for  Illinois  during  1860-2007. 
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ABSTRACT 

Raptor  population  status  reflects  overall  environmental  health  with  various  species  of 
hawks  and  owls  responding  differently  to  urbanization,  agricultural  intensification,  and 
other  anthropogenic  factors.  We  examined  the  population  trends  of  raptors  admitted  to 
the  Illinois  Raptor  Center  in  Decatur,  IL  from  1995-2006.  For  the  study,  929  raptors  of 
six  species  admitted  to  the  center  were  used  including  Cooper’s  Hawk  (Accipiter  coop- 
erii),  Red-tailed  Hawk  (Buteo  jamaicensis),  American  Kestrel  {Falco  sparverius),  East¬ 
ern  Screech-Owl  {Otus  asio),  Great  Horned  Owl  {Bubo  virginianus),  and  Barred  Owl 
{Strix  varia).  Changes  in  the  number  of  raptors  admitted  per  year  were  examined  over 
time,  and  compared  with  changes  in  land  use  and  human  population  growth  in  three  cen¬ 
tral  Illinois  counties.  Except  for  Barred  Owls,  the  number  of  raptors  admitted  changed 
over  time.  Observed  trends  corresponded  with  Christmas  Bird  Count  data,  and  the 
appearance  of  West  Nile  Virus  in  central  Illinois  may  have  influenced  the  number  of 
raptors  admitted.  We  suggest  that  wildlife  rehabilitation  centers  can  be  used  as  an  early 
warning  signal  of  raptor  population  status. 


INTRODUCTION 

As  focal  species,  raptor  populations  can  be  used  to  monitor  an  ecosystem’s  health  (San- 
chez-Zapata  et  al.,  2003)  and  changes  in  eagle,  hawk,  falcon,  and  owl  counts  may  be  an 
indicator  of  harmful  effects  that  humans  are  contributing  to  the  environment  (Hoffman 
and  Smith,  2003).  Numerous  studies  have  concluded  that  raptors  are  sensitive  to  envi¬ 
ronmental  changes  initiated  by  natural  and  anthropogenic  causes  (Rodriguez-Estrella  et 
al.,  1998).  For  example,  in  the  1960’s  and  1970’s,  pesticide  use  led  to  the  decline  in  many 
species  of  raptors  (Kirk  and  Hyslop,  1998).  Currently,  urbanization,  agricultural  intensifi¬ 
cation,  human  activity,  and  emerging  diseases  are  threatening  raptor  species  (Deem  et  al., 
1998;  Kirk  and  Hyslop,  1998;  Joyner  et  al.,  2006). 

Berry  et  al.  (1998)  found  several  raptor  species  that  avoid  areas  with  as  little  as  5-7% 
urbanization.  Leptich  (1994)  found  that  a  majority  of  raptors  exhibit  decreased  abundance 
and  diversity  in  highly  developed  irrigated  agriculture.  Some  raptors  such  as  Cooper’s 
Hawks,  Red-tailed  Hawks,  and  American  Kestrels,  however,  show  minimal  sensitivity  to 
urbanization  and/or  agricultural  development  (Berry  et  al.,  1998;  Boal  and  Mannan, 
1999). 
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Diseases  like  West  Nile  Virus  (WNV,  Joyner  et  al.,  2006)  and  changing  prey  densities 
(Steenhof  et  al.,  1999)  may  cause  fluctuations  in  raptor  populations  (although  see  Stout  et 
ah,  2005).  Joyner  et  al.  (2006)  suggest  a  negative  impact  of  WNV  on  local  raptor  popula¬ 
tions  due  to  decreased  mean  monthly  admissions  to  the  Wildlife  Center  of  Virginia 
immediately  following  a  WNV  outbreak.  Cyclical  or  numerical  fluctuations  in  prey  pro¬ 
duce  similar  responses  in  raptor  populations  (Galushin,  1974;  Kirk  and  Hyslop,  1998). 
Korpimaki  and  Norrdahl  (1991)  found  that  European  Kestrel  {Falco  tinnunculus),  Short¬ 
eared  Owl  {Asio  flammeus),  and  Long-eared  Owl  {Asio  otus)  followed  population  trends 
in  several  species  of  voles  (Microtus)  simultaneously. 

Many  techniques  are  used  to  assess  raptor  populations  such  as  the  Breeding  Bird  Survey 
(BBS)  and  Christmas  Bird  Count  (CBC)  (Kirk  and  Hyslop,  1998);  however,  their  effec¬ 
tiveness  may  be  limited  as  raptors  are  secretive  and  widely  distributed.  Another  possible 
way  to  assess  population  change  may  be  to  compare  admissions  of  raptors  to  rehabilita¬ 
tion  centers  over  time. 

We  studied  raptor  rehabilitations  recorded  at  the  Illinois  Raptor  Center  (IRC)  in  Decatur, 
IL  between  1995  and  2006  to  measure  population  changes  in  central  Illinois  raptors. 
Trends  in  raptor  rehabilitations  were  compared  with  land  use  change,  human  population 
growth,  and  the  occurrence  of  WNV.  To  assess  the  accuracy  of  the  IRC  trends,  popula¬ 
tion  trends  were  compared  with  CBC  data.  Consistency  between  IRC  and  CBC  data 
would  provide  support  that  wildlife  rehabilitation  centers  may  serve  as  an  early  warning 
of  changes  to  local  raptor  populations. 


METHODS 

The  IRC  is  a  wildlife  rehabilitation  and  educational  facility  in  Decatur,  IL.  The  IRC 
admits  raptors  on  a  case-by-case  basis  by  appointment,  and  occasionally  admits  birds 
from  other  rehabilitation  centers  and  the  University  of  Illinois  Wildlife  Medical  Center. 
Information  on  each  raptor  is  collected  including:  date,  species,  injury  or  reason  for 
admission,  and  the  city  and/or  county  where  the  raptor  was  found.  The  data  are  compiled 
annually  into  a  wildlife  report  and  submitted  to  the  Illinois  Department  of  Natural 
Resources.  The  wildlife  report  data  collected  by  the  IRC  from  1995-2006  were  examined 
in  this  study. 

Population  trends  were  only  examined  for  species  admitted  to  the  IRC  >30  times  between 
1995  and  2006.  To  examine  population  trends,  we  conducted  two  analyses.  Because  rap¬ 
tor  populations  fluctuate  (Korpimaki  and  Norrdahl,  1991),  we  used  chi-square  tests  to 
determine  if  the  number  of  raptors  admitted  each  year  was  equivalent.  If  the  number  of 
raptors  admitted  each  year  was  not  equivalent,  we  used  linear  regression  to  determine  if 
trends  in  raptor  admittance  were  positive  or  negative. 

The  raptor  species  admitted  to  the  IRC  came  from  at  least  3 1  Illinois  counties  and  Mis¬ 
souri.  Seventy-five  percent  of  the  raptor  admissions  to  the  IRC  originated  from  Macon 
(34%),  Sangamon  (22%),  and  Champaign  (19%)  counties.  To  investigate  how  changes  in 
land  use  and  human  population  influence  raptor  populations,  only  data  from  these  three 
counties  were  used.  Data  from  the  U.S.  Department  of  Agriculture  National  Agricultural 
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Statistics  Service  (www.nass.usda.gov)  were  collected  on  the  acres  of  soybeans  and  corn 
for  grain  planted  in  1995-2006.  We  used  soybeans  and  corn  as  indicators  for  changes  in 
land  use  since  they  are  the  most  abundant  land  cover  types  found  in  central  Illinois.  Total 
acreage  of  each  crop  for  each  county  was  combined,  and  linear  regression  was  used  to 
determine  how  acreage  changed  over  time.  Intercensal  county  population  estimates  for 
1995-2004  were  obtained  through  the  U.S.  Census  Bureau  (www.census.gov).  Human 
population  was  combined  by  county  and  linear  regression  was  used  to  examine  changes 
over  time.  Linear  regression  was  also  used  to  examine  the  relationships  between  the 
number  of  raptors  admitted  and  both  changes  in  corn  and  soybean  acreage  combined  and 
human  population. 

To  examine  the  effects  WNV  had  on  raptor  populations  of  central  Illinois,  two  periods 
were  established:  1995-2002  (the  years  prior  to  the  arrival  and  spread  of  WNV)  and 
2003-2006  (the  years  after  WNV  had  spread  through  Illinois)  (http://diseasemaps. 
usgs.gov).  Yearly  numbers  of  raptors  admitted  to  the  IRC  were  compared  for  the  1995- 
2002  and  2003-2006  time  periods  using  r-tests  assuming  unequal  variance. 

To  examine  the  accuracy  of  IRC  trends,  we  compared  trends  to  CBC  data.  CBC  data 
were  obtained  from  the  National  Audubon  Society  (http://www.audubon.org).  Count  data 
for  three  circle  counts:  Champaign  County,  IL,  Decatur,  IL,  and  Springfield,  IL  were 
retrieved  for  the  time  periods  1994-95  to  2005-06.  These  three  circle  counts  were  used 
because  they  are  the  only  circles  within  the  three  counties  producing  75%  of  raptors 
admitted  to  the  IRC.  The  number  of  sightings  for  each  species  at  all  three  count  circles 
combined  was  divided  by  the  number  of  hours  at  the  count  circles  combined.  Linear 
regression  was  then  used  to  determine  whether  raptor  populations,  as  measured  by  the 
number  per  hour  from  the  three  count  circles  combined,  changed  from  1995-2006.  Com¬ 
parison  between  IRC  and  BBS  data  were  not  made  because  no  BBS  routes  were  com¬ 
pleted  within  the  three  major  counties  from  which  IRC  received  raptors  from  1995-2006. 
For  all  analyses,  results  were  considered  significant  if  F<0.05. 

RESULTS 

From  1995-2006,  the  IRC  treated  986  raptors  of  21  species  comprising  most  of  the  eagle, 
hawk,  falcon,  and  owl  species  found  in  central  Illinois.  The  number  of  raptors  admitted 
ranged  from  50  in  2003  to  140  in  1999  with  a  median  of  82  (95%  confidence  limits 
ranged  from  67-  97).  Six  species  were  admitted  >30  times  to  the  IRC,  Cooper’s  Hawk 
(n=57).  Red-tailed  Hawk  (n=163),  American  Kestrel  (n=268).  Eastern  Screech-Owl 
(n=165).  Great  Horned  Owl  (n=191),  and  Barred  Owl  (n=85),  and  accounted  for  94%  of 
the  raptors  admitted  to  the  center. 

Annual  admissions  fluctuated  for  Red-tailed  Hawk  (X^=27.9,  P=0.0019)  and  American 
Kestrel  (X^=32.7,  F=0.0003)  between  1995-2006  (Fig.  1).  Population  fluctuations  were 
not  calculated  for  Cooper’s  Hawk  due  to  an  expected  frequency  below  5  for  the  chi- 
square  test  (Zar  1984).  Cooper’s  Hawk  had  a  significant  increase  in  number  of  admis¬ 
sions  over  time  (F,  ,o=15.3,  P<0.005,  r^=0.60).  No  increase  or  decrease  was  found  for 
Red-tailed  Hawk  (Fj  ,o=0.0,  P=0.97)  or  American  Kestrel  (F,  ,o=0.2,  P=0.69). 
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Two  owl  species  exhibited  fluctuations  in  number  of  admissions  per  year,  Eastern 
Screech-Owl  (df=10,  X^=45.4,  P<0.0001)  and  Great  Horned  Owl  (X^=37.3,  P<0.0001, 
Fig.  2).  Barred  Owl  had  no  change  in  admittance  over  time  (X^=4.9,  P=0.89).  Eastern 
Screech-Owl  had  a  significant  decline  in  the  number  of  admissions  over  time  (F,  ,o=l  1.4, 
P=0.007,  r“=0.53),  whereas  no  relationship  was  found  for  Great  Horned  Owl  indicating 
population  fluctuations  (F,  io=2.1 ,  P=0.17). 

Regression  analysis  showed  that  corn  acreage  increased  by  approximately  6,000  acres  per 
year  (F,  jo=20.8,  P=0.001,  r^=0.70),  and  soybean  acreage  decreased  by  about  8,000  acres 
per  year  (F,  io=11.6,  P=0.006,  r“=0.56).  Human  population  increased  by  approximately 
800  residents  annually  (Fi  9=172.3,  P<0.001 ,  r^=0.96).  No  species  exhibited  a  relationship 
between  the  number  of  admissions  and  the  combined  acreage  of  corn  and  soybeans.  The 
Cooper’s  Hawk  exhibited  a  positive  relationship  between  the  number  of  admissions  and 
human  population  (Fi9=6.5,  P=0.03,  r“=0.45),  and  the  Eastern  Screech-Owl  exhibited  a 
negative  relationship  (Fj  9=8.8,  P=0.02,  r"=0.53). 

We  found  that  there  were  significantly  fewer  American  Kestrels  (r=3.0,  P=0.02),  Eastern 
Screech-Owls  (/=3.7,  P=0.004)  and  Great  Horned  Owls  (?=3.2,  P=0.01)  between  1995- 
2002  and  2003-2006  (means=26  and  16  for  American  Kestrel,  17  and  7  for  Eastern 
Screech-Owl,  and  19  and  10  for  Great  Horned  Owl,  respectively). 

CBC  data  exhibited  similar  population  trends  to  raptors  admitted  to  the  IRC  for  three  of 
the  six  species  compared.  Regression  analysis  using  CBC  data  showed  an  increase  in 
abundance  of  Cooper’s  Hawk  (F,  10=  18. 08,  P=0.001,  r^=0.64),  and  a  decrease  in  both 
American  Kestrel  (Fj  io=6.72,  P=0.03,  r“=0.40)  and  Great  Horned  Owl  (Fj  ,o=6.05, 
P=0.03,  r^=0.38).  No  change  was  observed  in  Red-tailed  Hawk  (Fj  io=0.58,  P=0.46), 
Eastern  Screech-Owl  (Fj  ,o=l  .32,  P=0.28),  and  Barred  Owl  (Fj  io=4.49,  P=0.06). 

DISCUSSION 

Rehabilitation  centers  like  the  IRC  offer  a  variety  of  services  including  treatment  of  doz¬ 
ens  of  raptors  each  year  and  educational  programs  (Fix  and  Barrows,  1990).  Furthermore, 
we  suggest  that  data  collected  by  the  IRC  are  valuable  in  indicating  population  trends, 
and  may  serve  as  an  early  warning  signal  of  environmental  change.  If  the  data  collected 
by  the  IRC  are  representative  of  other  wildlife  rehabilitation  centers  throughout  the 
country,  data  from  these  centers  could  be  combined,  and  collectively  serve  as  a  way  to 
monitor  raptor  population  status  on  a  national  scale. 

Five  of  the  six  species  studied  show  population  changes  over  time.  In  general,  population 
change  can  be  attributed  to  changes  in  land  use,  human  population  growth,  WNV,  and 
fluctuating  prey  abundance  (Deem  et  al.,  1998;  Kirk  and  Hyslop,  1998;  Joyner  et  al., 
2006).  Differences  in  land  use  are  less  likely  to  have  resulted  in  the  population  trends  we 
observed.  For  example,  the  net  loss  in  acreage  of  corn  and  soybeans  totaled  22,000  acres 
during  our  study  period  (0.2%),  and  no  species  exhibited  a  relationship  with  corn  and 
soybean  acreage  combined. 

The  human  population  increased  by  9,306  (0.2%)  during  our  study.  Eastern  Screech- 
Owls  exhibited  a  negative  relationship  with  human  population,  while  Cooper’s  Hawks 
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had  a  positive  relationship.  Suitable  nesting  areas  and  prey  abundance  are  both  factors 
reported  to  limit  Eastern  Screech-Owl  populations  (Gelhbach,  1995).  Curtis  et  al.  (2006) 
indicated  that  Cooper’s  Hawks  are  moving  into  urban  environments  because  these  areas 
maintain  higher  prey  numbers.  Small  birds  are  often  attracted  to  backyard  bird  feeders 
providing  a  plentiful  food  source  for  these  raptors  (Klem,  1981). 

Given  the  lower  number  of  American  Kestrel,  Eastern  Screech-Owl  and  Great  Horned 
Owl  admissions  in  2003-2006,  WNV  may  have  had  a  negative  impact  on  central  Illinois 
raptor  species  after  its  spread  throughout  the  state  in  2002.  These  species,  and  the  Red¬ 
tailed  Hawk,  have  all  been  previously  identified  as  susceptible  to  WNV  (Joyner  et  al., 
2006;  Nemeth  et  al.,  2006).  At  the  Wildlife  Center  of  Virginia,  Joyner  et  al.  (2006)  found 
an  increase  in  admissions  in  August  and  September  followed  by  a  decline  in  raptor 
admittance  between  October  and  December  of  2003  after  the  outbreak  of  WNV  com¬ 
pared  to  the  previous  ten  years.  Similar  to  the  Wildlife  Center  of  Virginia,  the  IRC  saw  an 
increase  in  admissions  followed  by  a  decline.  Between  the  months  of  June  through  Sep¬ 
tember  of  2003,  the  IRC  admitted  54  raptors  including  1 1  for  WNV.  In  the  following  fall 
and  winter  months,  October  through  December,  the  IRC  only  reported  9  raptor  admis¬ 
sions.  Moreover,  the  three  years  immediately  after  the  outbreak  were  the  three  lowest 
years  in  the  total  number  of  admissions  at  the  IRC.  Not  all  studies,  however,  have  con¬ 
cluded  that  WNV  influences  raptor  populations.  Stout  et  al.  (2005)  concluded  WNV  had 
no  apparent  adverse  effects  on  populations  of  Cooper’s  Hawk,  Red-tailed  Hawk,  and 
Great  Horned  Owl  in  Wisconsin. 

If  admittance  to  wildlife  rehabilitation  centers  can  be  used  as  an  indicator  of  changes  in 
raptor  populations,  then  the  number  of  raptors  admitted  to  rehabilitation  centers  should  be 
consistent  with  population  trends  using  CBC  data.  We  observed  equivalent  population 
trends  using  CBC  and  IRC  data  for  three  species:  a  positive  increase  for  Cooper’s  Hawk, 
and  no  change  in  Red-tailed  Hawk  and  Barred  Owl.  Data  collected  from  CBC  counts 
indicated  a  negative  change  in  populations  of  American  Kestrel  and  Great  Horned  Owl. 
While  we  did  not  find  a  significant  negative  relationship  in  the  number  of  admissions 
over  time,  the  number  of  admissions  of  both  species  to  the  IRC  decreased,  and  we  found 
lower  numbers  of  both  species  in  2003-2006  compared  to  1995-2002.  In  only  one  species 
was  there  a  difference  in  the  direction  of  the  trend  between  IRC  and  CBC  data.  Analysis 
of  Eastern  Screech-Owl  using  CBC  data  showed  no  change  in  population,  whereas  IRC 
admissions  of  screech-owl  declined  over  time. 

One  possible  shortcoming  of  this  study  is  the  lack  of  prey  abundance  data  available.  Getz 
et  al.  (2001)  studied  population  fluctuations  of  two  species  of  vole  (M.  ochrogaster  and 
M.  pennsylvanicus)  in  Champaign  County,  Illinois  from  1972-1997.  However,  we  lack 
equivalent  data  from  Macon  and  Sangamon  counties,  and  data  after  1997.  During  the  11- 
year  study  period,  we  also  assumed  that  the  pattern  of  raptor  admission  did  not  change 
(e.g.,  the  number  of  admissions  did  not  increase  with  increased  awareness  of  the  IRC  to 
the  general  public). 
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Figure  1.  Using  admissions  data  from  the  Illinois  Raptor  Center  from  1995-2006,  Coo¬ 
per’s  Hawk  showed  an  increasing  population  trend  in  central  Illinois  while 
both  Red-tailed  Hawk  and  American  Kestrel  exhibited  population  fluctua¬ 
tions. 
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Figure  2.  Using  admissions  data  from  the  Illinois  Raptor  Center  from  1995-2006,  East¬ 
ern  Screech-Owl  decreased  over  time  in  central  Illinois.  Great  Horned  Owl 
exhibited  population  fluctuations,  while  Barred  Owl  showed  no  change. 
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ABSTRACT 

Raccoon  {Procyon  lotor)  populations  have  increased  dramatically  throughout  Illinois 
during  the  past  25  years  causing  concerns  because  they  can  be  important  nest  predators 
and  reservoirs  for  zoonotic  diseases.  We  studied  seasonal  use  of  den  sites  by  raccoons  at 
Prairie  Ridge  State  Natural  Area  in  Jasper  Co.  IL.  Our  goals  were  to  characterize  den 
types  and  whether  den  use  differed  between  sexes  or  age-classes,  assess  seasonal  patterns 
of  den  use,  and  investigate  whether  raccoons  shift  dens  to  be  near  seasonal  food  patches. 
Twenty-four  raccoons  were  radiocollared  and  tracked  to  245  individual  dens  during 
January  2004- August  2005.  Of  these  dens,  50%  were  in  buildings,  27%  in  burrows,  and 
17%  in  tree  cavities.  Adults  and  juvenile  females  preferred  buildings,  particularly  in 
winter;  whereas,  juvenile  males  preferred  burrows  and  brush  piles,  particularly  in  sum¬ 
mer.  We  found  no  evidence  that  raccoons  shifted  den  sites  in  fall  or  winter  to  be  near 
cornfields.  However,  dens  were  closer  to  wetlands  in  summer  than  in  winter.  Raccoons  of 
both  sexes  used  barns  and  sheds  frequently  in  winter.  Trapping  at  buildings  could  be  an 
efficient  method  of  controlling  raccoon  populations. 


INTRODUCTION 

Raccoon  {Procyon  lotor)  populations  may  be  at  historic  highs  throughout  much  of  their 
geographic  range  due  in  part  to  their  opportunistic  foraging  behaviors  and  their  efficiency 
in  adapting  to  new  anthropogenic  habitats.  In  Illinois,  the  raccoon  population  has 
increased  during  the  past  30  years  and  remains  high  due  to  increased  habitat  fragmenta¬ 
tion  and  low  harvest  levels  (Gehrt  et  al.,  2002).  Raccoons  have  the  potential  to  cause 
ecologic  and  economic  problems  and  recent  population  increases  have  exacerbated  these 
problems.  For  example,  raccoons  are  important  nest  predators  in  some  landscapes, 
impacting  ground-  and  shrub-nesting  birds  (Urban,  1970;  Sargeant  et  al.,  1995;  Dijak  and 
Thompson,  2000).  Individuals  also  may  carry  diseases  that  are  transmissible  to  humans 
and  domestic  animals,  such  as  raccoon  roundworm  {Baylisascaris  procyonis),  rabies 
{Lyssavirus  rabies  virus),  canine  distemper  {Morbillivirus  canine  distemper  virus),  and 
parvovirus  {Parvovirus  murine  minute  virus).  Increased  contact  between  raccoons  and 
humans,  prompted  in  part  by  exurban  sprawl,  poses  a  threat  for  the  transmission  of 
zoonotic  diseases  (Mitchell  et  al.,  1999). 

The  availability  of  suitable  den  sites  can  influence  the  distribution  and  abundance  of  rac¬ 
coons.  Therefore,  removing  or  restricting  access  to  den  sites  may  serve  as  a  non-lethal 
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method  of  controlling  overabundant  populations.  Raccoons  den  in  burrows,  tree  cavities, 
buildings,  and  drainage  tiles.  Previous  research  has  shown  that  den  selection  can  be  influ¬ 
enced  by  climate,  availability,  microclimates  within  dens,  and  the  females’  needs  during 
parturition  and  rearing  (Stains,  1961;  Berner  and  Gysel,  1967;  Endres  and  Smith,  1993; 
Henner  et  al.,  2004).  Raccoons  are  thought  to  prefer  dens  closer  to  food  and  water  and 
those  that  offer  protection  from  predators  and  hunters  (Giles,  1942;  Stuewer,  1943; 
Endres  and  Smith,  1993;  however  see  Berner  and  Gysel,  1967  and  Schnell,  1970). 

Eew  studies  have  examined  seasonal  or  gender-based  den  selection  by  raccoons.  There¬ 
fore,  our  objectives  were  to  investigate:  (1)  seasonal  den  use  by  raccoons  in  a  rural  Illi¬ 
nois  landscape,  (2)  whether  den  use  differs  between  sexes  and  age-classes,  and  (3) 
whether  raccoons  shift  dens  to  be  near  seasonal  food  patches,  particularly  corn  and  wet¬ 
lands.  We  hypothesized  that  dens  used  by  adult  females  would  differ  from  those  used  by 
males  because  females  need  more  secure  sites  for  raising  young.  We  reasoned  that  tree 
cavities  would  be  preferred  for  raising  young  because  they  restrict  access  by  ground 
predators,  such  as  canids.  We  also  predicted  that  den  types  would  differ  seasonally 
because  some  types  provide  better  insulation  against  the  cold.  Einally,  we  hypothesized 
that  raccoons  would  prefer  dens  in  close  proximity  to  food  and  shift  dens  to  be  close  to 
rich  seasonal  food  patches,  particularly  corn. 

STUDY  AREA 

This  study  was  conducted  on  the  1 ,400-ha  Prairie  Ridge  State  Natural  Area  (PRSNA)  and 
surrounding  land  in  Jasper  Co.  IL.  PRSNA  is  managed  by  the  Illinois  Department  of 
Natural  Resources  (IDNR)  primarily  as  habitat  for  the  greater  prairie  chicken  (Tympa- 
niichus  cupido),  a  state  endangered  species.  PRSNA  also  provides  nesting  habitat  for 
other  state  endangered  and  threatened  avian  species,  such  as  the  northern  harrier  {Circus 
cyaneus),  upland  sandpiper  (Bartramia  longicauda),  and  short-eared  owl  (Asio  flam- 
meus).  The  study  area  is  a  mix  of  grasslands  and  agricultural  fields  surrounding  several 
small  wetlands  (<10  ha).  The  landscape  surrounding  PRSNA  is  dominated  by  corn-soy¬ 
bean  agriculture  including  houses,  barns,  and  sheds. 

METHODS 

Raccoons  were  captured  using  box  traps  from  January  through  March  2004  and  2005,  so 
that  10-15  raccoons  were  available  for  radiotracking  at  all  times.  Animals  were  anesthe¬ 
tized  with  Telazol  (10  mg/kg).  The  weight,  sex,  and  age  of  each  raccoon  were  recorded. 
All  were  ear-tagged  and  selected  individuals  were  fitted  with  radiocollars.  Raccoons  were 
released  at  the  capture  site  after  they  had  recovered  from  anesthesia.  Trapping  and  han¬ 
dling  protocols  were  approved  by  Eastern  Illinois  University’s  lACUC  (protocol 
#04002). 

Radiocollared  animals  were  located  weekly  from  January  2004  to  August  2005  by  hom¬ 
ing  using  a  directional  antenna.  Den  locations  were  recorded  in  UTM  coordinates  using  a 
GPS  receiver  and  each  den  was  classified  as  a  tree  cavity,  burrow,  building,  brush  pile,  or 
open  site.  Open  sites  were  those  on  the  ground  with  relatively  little  cover,  such  as  Rubus 
thickets  or  cornfields.  Buildings  included  occupied  and  abandoned  houses,  barns,  corn 
cribs  and  sheds. 
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To  evaluate  seasonality  of  den  use,  we  divided  the  year  into  4  seasons:  spring  (March- 
May),  summer  (June-August),  fall  (September-November),  and  winter  (December-Febru- 
ary).  To  test  predictions  that  den  selection  was  influenced  by  sex,  age,  or  season,  these 
variables  were  examined  independently  using  a  ^-contingency  tests  (Samuels  and  Witmer 
2002).  In  addition,  we  overlayed  den  coordinates  onto  a  digitized  cover  map,  then  meas¬ 
ured  the  distance  from  each  den  to  the  nearest  wetland,  stream  and  cornfield  using 
ArcGIS.  Seasonal  differences  in  the  distances  from  dens  to  cornfields  and  wetlands  were 
tested  using  ANOVA  at  a  =  0.05  (Samuels  and  Witmer  2002). 

RESULTS 

We  found  245  individual  dens  from  404  radiolocations  of  12  male  and  12  female  rac¬ 
coons.  Den  types  included  buildings  (50%),  ground  burrows  (27%),  tree  cavities  (17%), 
brush  piles  (4%),  and  open  sites  (1%).  Den  types  used  by  males  differed  from  those  used 
by  females  (x^  =  40.3,  df  =  4,  P  <  0.01).  Females  generally  preferred  to  den  in  buildings, 
whereas  males  used  ground  burrows  and  brush  piles  more  frequently  (Fig.  1). 

Dens  chosen  by  raccoons  differed  seasonally  (x^  =  108.8,  df  =  12,  P  <  0.01).  Burrows 
were  used  most  frequently  in  the  summer,  whereas  buildings  were  used  most  frequently 
the  rest  of  the  year  (Fig.  2).  The  use  of  tree  cavities  varied  little  throughout  the  year.  Sea¬ 
sonal  patterns  in  den  use  by  males  and  females  also  were  evident.  Relative  to  males, 
females  were  more  likely  to  use  buildings  in  the  winter  and  tree  cavities  in  the  spring.  In 
contrast,  males  were  more  likely  to  use  ground  burrows  in  the  winter. 

We  found  no  evidence  that  raccoons  shifted  their  dens  to  be  closer  to  mature  cornfields 
(F  =  1.23,  df  =  3,  P  <  0.298).  The  mean  distance  to  corn  did  not  differ  among  seasons 
when  mature  corn  was  available  (fall  and  winter)  and  those  when  corn  was  not  available 
(spring  and  summer;  Fig.  3).  However,  dens  were  closer  to  wetlands  and  streams  during 
the  summer  and  fall  and  farther  away  in  winter  when  water  was  often  frozen  (F  =  14.0,  df 
=  3,  P  <  0.01;  Fig.  3).  During  periods  of  open  water,  raccoons  often  could  be  seen  or 
heard  splashing  as  they  foraged  along  waterways. 

DISCUSSION 

Raccoons  used  a  wide  variety  of  den  types  on  the  PRSNA  study  area  including  buildings, 
ground  burrows,  tree  cavities,  and  brush  piles.  Shirer  and  Fitch  (1970)  suggested  that  den 
use  may  be  based  on  individual  preferences,  but  our  research  and  that  of  others  suggest 
broader  gender  and  seasonal  patterns.  Den  selection  on  our  study  area  appeared  to  be 
influenced  by  the  sex  and  age  of  the  individual,  season,  and  proximity  to  wetlands. 
Females  tended  to  use  buildings  more  than  males,  whereas  males  were  more  likely  to  use 
burrows  and  brush  piles.  Nixon  et  al.  (2001)  reported  that  males  used  burrows  more  fre¬ 
quently  in  western  Illinois,  but  the  use  of  buildings  did  not  differ  between  the  sexes. 
Females  tend  to  choose  secure  dens  that  are  protected  from  weather  and  predators  for 
rearing  young,  frequently  using  tree  cavities  as  maternal  dens  (Schnell,  1970;  Schneider 
et  al.,  1971;  Endres  and  Smith,  1993).  On  PRSNA,  an  area  comprised  primarily  of  grass¬ 
lands,  females  tended  to  use  buildings  as  maternity  dens  apparently  because  of  their  rela¬ 
tive  abundance  and  accessibility.  Fritzell  (1978)  also  found  that  buildings  were  focal 
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points  of  raccoon  activity;  7  of  10  litters  born  on  his  study  area  in  North  Dakota  were 
raised  in  farmyards. 

In  contrast,  males  were  more  likely  to  use  burrows  and  brushpiles.  Raceoons  are  polygy- 
nous  and  males  do  not  participate  in  rearing  the  young.  Intersexual  competition  for  secure 
dens  may  lead  to  males  selecting  dens  that  appeared  to  offer  less  protection  from  preda¬ 
tors  and  weather.  In  addition,  males  have  larger  home  ranges  than  females  on  PRSNA 
(Newbury,  2005)  and  this  may  provide  greater  opportunity  to  den  farther  away  from 
humans  and  dogs. 

Dens  do  not  appear  to  be  a  limiting  factor  for  raccoons  on  PRSNA.  Individuals  moved 
frequently  from  den  to  den,  using  an  average  of  15.1  (SE  =  2.5,  range  =  6-31).  In  spite  of 
this,  adults  used  fewer  dens  than  juveniles  (t  =  2.31 ,  P  =  0.04)  and  showed  fidelity  to  par¬ 
ticular  dens  that  appeared  to  offer  more  protection  than  those  used  by  juveniles.  Juveniles 
showed  less  fidelity  to  particular  dens  and  were  more  likely  to  occupy  dens  that  they  had 
not  used  previously.  Mosillo  et  al.  (1999)  suggested  that  competition  for  dens  eould  be  a 
contributing  factor  to  natal  dispersal  as  adults  force  juveniles  to  use  suboptimal  dens. 
Dispersal  oeeurs  primarily  among  juvenile  males,  but  a  dominance  hierarchy  also  is  evi¬ 
dent  in  females.  A  previous  study  (Judson  et  al.,  1994)  found  that  adult  females  with  lit¬ 
ters  used  buildings  most  often,  but  yearling  females  with  litters  were  most  likely  to  be 
found  in  vegetation  on  the  ground.  Furthermore,  juveniles  may  have  greater  access  to 
burrows  because  of  their  smaller  size.  The  mean  body  mass  of  juveniles  was  4.4  kg  (SE  = 
0.3),  whereas  adults  averaged  6.2  kg  (SE  =  0.3;  t  =  4.2,  P  =  0.01).  In  contrast  to  our 
results,  Nixon  et  al.  (2001)  found  that  juveniles  used  buildings  more  often  than  adults  and 
burrow  use  was  not  influenced  by  age. 

Den  selection  changed  seasonally,  with  pronounced  shifts  to  buildings  in  the  fall  and 
winter  coineidental  with  falling  temperatures.  Farm  buildings  on  our  study  area  appeared 
to  be  particularly  favored  when  they  provided  warmth  and  stored  grains.  Glueck  et  al. 
(1988)  noted  that  raceoons  restrict  their  activities  during  eold  weather  and  others  have 
reported  shelter-seeking  behavior  to  avoid  the  cold  (Berner  and  Gysel,  1967;  Urban, 
1970;  Rabinowitz  and  Pelton,  1986;  Nixon  et  al.,  2001). 

Burrows  were  used  frequently  in  the  summer  on  PRSNA,  but  less  during  the  winter. 
Nixon  et  al.  (2001)  reported  similar  findings  in  western  Illinois.  Berner  and  Gysel  (1967) 
showed  that  the  microelimate  of  burrows  tends  to  be  stable:  eooler  in  summer  and 
warmer  in  winter  eompared  to  air  temperature.  We  speeulate  that  the  shift  from  buildings 
to  burrows  may  be  influeneed  by  inereased  human  activity  in  and  around  farm  buildings 
in  spring  and  summer.  On  PRSNA,  the  use  of  tree  eavities  changed  little  among  seasons, 
but  use  was  highest  in  the  spring  during  the  perinatal  period.  This  may  suggest  that 
females  ehoose  trees  as  protected  dens  for  rearing  young  (Endres  and  Smith,  1993)  or 
that  raccoons  spend  more  time  resting  in  trees  during  the  spring  because  they  are  foraging 
there  for  bird  nests  (Schnell  1970). 

Corn  can  be  an  important  food  resource  for  raccoons  in  the  fall  and  winter  (Stuewer, 
1943;  Schneider  et  al.,  1971;  Sonenshine  and  Winslow,  1972)  so  it  seems  reasonable  that 
raceoons  may  shift  dens  to  be  closer  to  cornfields  when  mature  eorn  is  available.  How¬ 
ever,  we  found  no  evidence  of  this.  Pedlar  et  al.  (1997)  reported  that  raeeoons  only  fre- 
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quented  agricultural  fields  that  were  close  to  woodlots,  but  cornfields  were  so  widespread 
on  PRSNA  that  raccoons  did  not  have  to  shift  dens  to  have  ready  access  to  them.  In  con¬ 
trast,  raccoons  apparently  shifted  dens  to  be  close  to  wetlands  during  the  summer  and  fall 
when  these  were  used  frequently  for  foraging.  Favorite  summer  foods  include  inverte¬ 
brates  (partieularly  crayfish  and  amphibians  (Sonenshine  and  Winslow  1972).  These 
appeared  to  be  plentiful  in  the  wetlands  at  PRSNA  and  our  raccoons  spent  considerable 
time  foraging  in  shallow  water.  Previous  studies  have  reported  an  increase  in  raccoon  use 
of  wetlands  in  spring  and  summer  (Schneider  et  al.,  1971;  Fritzell,  1978)  and  Henner  et 
al.  (2004)  found  that  raccoons  in  Mississippi  consistently  selected  dens  near  lakes  and 
ponds. 

In  summary,  we  found  that  raccoons  inhabiting  PRSNA  move  frequently  among  dens 
throughout  the  year  and  believe  that  dens  are  not  a  limiting  factor  for  this  population. 
Fidelity  to  particular  dens  was  most  evident  in  winter,  probably  because  winter  is  a 
period  of  low  activity  for  raccoons.  Furthermore,  barns,  sheds,  and  abandoned  buildings 
were  used  frequently  by  raccoons,  increasing  the  risk  of  disease  transmission  to  humans, 
livestock,  and  pets.  We  suggest  that  buildings  should  be  sealed  and  secured  and  aban¬ 
doned  structures  should  be  removed  to  discourage  use  by  raccoons.  Finally,  trapping  to 
reduce  nuisance  raccoons  is  likely  to  be  most  effective  when  conducted  in  and  around 
these  structures  during  the  winter  months. 
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Figure  1.  Observed  and  expeeted  use  of  den  types  by  female  (top)  and  male  raccoons 
(bottom)  at  Prairie  Ridge  State  Natural  Area,  January  2004  -  August  2005. 
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Figure  2.  Raccoons  preferred  buildings  as  den  sites  in  the  winter,  spring,  and  fall. 
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Figure  3.  Seasonal  distance  of  raccoon  dens  from  cornfields  (left)  and  wetlands  (right). 
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ABSTRACT 

The  bluebreast  darter  Etheostoma  camurum  (Cope)  has  a  disjunct  distribution  within  the 
Ohio  River  drainage.  I  examined  the  distribution  and  life  history  characteristics  of  E. 
camurum  in  the  Vermilion  River  basin  (Wabash  River  drainage).  Vermilion  County,  Illi¬ 
nois,  during  the  summer  of  2007.  The  darter  commonly  was  collected  in  areas  of  moder¬ 
ate  to  swift  currents  over  cobble  and  boulder.  It  spawned  in  these  areas  during  early 
summer,  and  consumed  predominately  aquatic  insect  larvae  for  its  diet.  Because  of  its 
small  range,  it  is  recommended  that  E.  camurum  remain  listed  as  state-endangered. 
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INTRODUCTION 

The  bluebreast  darter  Etheostoma  camurum  (Cope)  is  a  diminutive  (typically  <  125  mm), 
short-lived  (typically  <  3  years)  fish  in  the  Family  Percidae  (Page,  1983).  It  is  sporadi¬ 
cally  distributed  in  several  streams  in  the  Ohio  River  drainage,  including  the  Allegheny 
River  basin  in  New  York  and  Pennsylvania,  the  Wabash  River  basin  in  Indiana  and  Illi¬ 
nois,  and  the  Tennessee  River  basin  in  North  Carolina  and  Tennessee  (Zorach,  1972; 
Page,  1983).  This  range  can  be  attributed  to  recent  degradation  and  fragmentation  of 
habitat  following  post-Pleistocene  dispersal  (Zorach,  1972).  Etheostoma  camurum  is  a 
habitat  specialist  usually  found  on  the  streambed  in  depths  of  10  -  30  cm  under  boulder  in 
fast  riffles  in  large,  clear  streams  (Page,  1983;  Greenberg,  1991;  Stauffer  et  al.,  1996; 
Welsh  and  Perry,  1998).  In  Illinois,  it  is  found  only  in  the  Vermilion  River  basin  of  the 
Wabash  River  drainage  (Smith,  1979).  No  other  Illinois  streams  contain  the  preferred 
habitat  requirements  of  E.  camurum,  and  earlier  references  (e.g..  Large,  1903;  Forbes  and 
Richardson,  1920;  O’Donnell,  1935)  of  the  species  having  been  collected  elsewhere  in 
central  and  southern  Illinois  were  based  on  misidentifications  (Smith,  1979).  As  with 
most  benthic  fishes,  E.  camurum  is  negatively  affected  by  anthropogenic  disturbances, 
including  siltation  and  impoundments  (Trautman,  1981;  Etnier  and  Starnes,  1993).  The 
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bluebreast  darter  is  listed  as  state-endangered  in  Illinois  because  of  its  small  range  in  the 
state  (IESPB,2005). 

Darters  are  an  ecological  important  group  of  fishes.  Not  only  are  they  a  food  source  to 
many  other  animals  (Page,  1983),  but  they  also  are  hosts  to  many  freshwater  mussels  of 
the  Family  Unionidae  (OSU,  2008).  The  bluebreast  darter  is  no  exception.  Based  on  data 
from  OSU  (2008),  E.  camurum  is  used  as  a  host  for  the  federally-endangered  northern 
riffleshell  Epioblasma  rangiana  (Lea)  and  the  Illinois  state-endangered  rainbow  Villosa 
iris  (Conrad).  Therefore,  a  reduction  in  E.  camurum  could  have  profound  effects  on  other 
aquatic  faunas,  including  freshwater  mussels. 

The  northern  riffleshell  is  extirpated  from  the  state  (Cummings  and  Mayer,  1997).  Efforts 
are  underway  to  propagate  and  reintroduce  the  species  back  into  Illinois.  To  date,  no 
comprehensive  study  has  examined  the  distribution  of  E.  camurum  and  compared  it  to  the 
historical  distribution  of  E.  rangiana  in  the  Vermilion  River  basin.  Vermilion  County, 
Illinois.  Without  such  data,  recovery  efforts  for  E.  rangiana  could  be  unsuccessful 
because  the  host  fish  might  not  be  present.  The  purpose  of  this  study  was  to  determine 
distribution  of  E.  camurum  in  the  Vermilion  River  basin  and  relate  those  data  to  the  his¬ 
torical  distribution  of  E.  rangiana  in  the  basin.  By  comparing  the  two  data  sets,  natural 
resource  managers  can  choose  optimal  reintroduction  sites  for  E.  rangiana  in  the  basin. 
Additional  objectives  were  to  determine  life  history  characteristics  (habitat,  spawning, 
and  diet)  of  E.  camurum  in  the  Vermilion  River  basin,  Illinois. 

STUDY  AREA 

The  Vermilion  River  basin  of  the  Wabash  River  drainage  (Figure  1)  encompasses  nearly 
4,000  km^  of  eastern  Illinois  and  western  Indiana,  and  contains  one  of  the  highest  quality 
stream  systems  in  Illinois  in  terms  of  aquatic  biodiversity  (Smith,  1968;  Page  et  al., 
1992).  The  basin  historically  supported  at  least  45  species  of  freshwater  mussels  (Tie- 
mann  et  al.,  2007a)  and  over  100  species  of  fishes,  including  14  darter  species  (INHS 
Fish  Collection).  The  dominant  substrates  in  the  basin  are  sand,  gravel,  and  cobble,  with 
small  amounts  of  localized  silt  (Smith,  1968;  Page  et  al.,  1992).  The  watershed  is  primar¬ 
ily  agriculture  with  the  two  major  crops  being  corn  and  soybeans  and  has  an  intact  ripar¬ 
ian  zone  in  most  areas  (Smith,  1968;  Page  et  al.,  1992). 

During  the  past  150  y,  the  Wabash  River  drainage  has  experienced  significant  physical 
and  biological  changes  as  a  result  of  anthropogenic  disturbances  (Simon,  2006),  and  the 
Vermilion  River  basin  is  no  exception.  Human  induced  modifications  include  draining  of 
wetlands,  dredging  of  streams,  pollution  from  agriculture  and  industrial  sources,  removal 
of  riparian  areas,  development  of  floodplains,  and  impounding  of  streams  (Smith,  1968; 
Larimore  and  Bay  ley,  1996).  The  mainstem  and  its  three  largest  tributaries  (Salt  Fork, 
Middle  Fork,  and  North  Fork)  are  relatively  free-flowing,  but  several  dams,  including 
three  in  the  Danville  area,  occur  throughout  the  basin.  However,  despite  these  anthropo¬ 
genic  disturbances,  which  have  been  shown  to  cause  alterations  in  fish  assemblages 
(Smith,  1968;  Tiemann  et  al.,  2004;  Santucci  et  al.,  2005),  the  Vermilion  River  basin  is 
one  of  the  least  altered  basins  in  Illinois,  and  the  fish  fauna  is  still  relatively  intact  (Page 
et  al.,  1992;  Retzer,  2005). 
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METHODOLOGY 

Fish  sampling 

Thirty  sites  were  sampled  in  the  Vermilion  River  basin  (Table  1;  Figure  1)  from  12  May 
2007  -  21  Aug  2007.  Sites  were  established  based  on  either  habitat  characteristics  (e.g., 
moderate  to  swift  flows  and  cobble/boulder  substrates)  or  historical  records  for  E.  carnu- 
rum  or  E.  rangiana.  At  each  site,  at  least  five  transects  were  uniformly  spaced  5-m  apart, 
perpendicular  to  the  river  channel  along  the  length  of  the  gravel  bar,  and  up  to  ten  points 
were  evenly  established  0.5-m  apart  along  the  length  of  each  transect.  The  number  of 
transects  was  dependent  upon  the  length  of  the  gravel  bar,  and  the  length  of  transects  was 
from  bank  to  bank.  Fishes  were  collected  from  a  4.5  m^  area  at  each  point  by  kicking  the 
substrate  3-m  upstream  from  a  stationary  1.5-m  wide,  3-mm  mesh  seine  and  proceeding 
downstream  to  the  seine  in  a  back  and  forth  path  covering  the  width  of  the  seine.  To 
minimize  disturbance,  transects  were  sampled  from  downstream  to  upstream  and  points 
were  sampled  near  shore  to  far  shore.  This  kick-seining  method  has  been  shown  to  be  an 
appropriate  quantitative  method  for  sampling  benthic  fishes,  including  darters  (Tiemann 
et  al.,  2004).  Fishes  were  identified,  counted,  and  released  upon  completion  of  sampling 
at  a  site;  only  four  E.  camurum  were  vouchered  because  they  either  represented  an 
upstream  distribution  records  of  the  species  (one  fish  each  at  two  sites)  or  were  crushed 
while  kick-seining  (two  fish  at  one  site). 

Natural  history  observations 

Subsequent  to  fish  sampling,  natural  history  (habitat,  reproduction,  and  diet)  observations 
were  made.  For  habitat,  depth  and  substrate  composition  was  assessed  visually  at  each 
point  where  fishes  were  collected  (Tiemann  et  al.,  2004).  Depth  was  measured  with  a 
meter  stick,  and  substrate  composition  was  visually  estimated  as  the  percentage  of 
clay/silt,  sand,  gravel,  pebble,  cobble,  and  boulder.  The  fredle  index  was  calculated  for 
substrate  composition  at  each  point  at  each  site  (McMahon  et  al.,  1996).  A  high  fredle 
index  score  represents  the  predominance  of  larger  substrates.  Mean  fredle  index  scores  of 
occupied  points  were  subtracted  from  those  of  unoccupied  points  for  each  site,  and  then 
the  resulting  values  were  pooled  among  sites.  A  one-sample  t  -test  was  then  used  to  test 
for  non-random  use  of  available  habitat  (Gillette  et  al.,  2006).  If  E.  camurum  randomly 
chose  substrates  then  the  expected  value  for  the  difference  between  occupied  and  unoc¬ 
cupied  would  be  close  to  zero  and  the  t  would  be  non-significant;  however,  a  significant 
positive  t  would  indicate  occupied  >  unoccupied  and  suggest  that  habitat  is  non-random. 
Pearson’s  correlation  coefficient  also  was  calculated  to  examine  potential  relationships  of 
habitat  variables  (depth  and  substrate  composition  percentages)  with  E.  camurum  abun¬ 
dance.  Substrate  variables  were  arcsine-square-root  transformed  because  they  were  pro¬ 
portional  data  (Zar,  1999),  and  sequential  Bonferroni-correction  of  a  =  0.05  was  applied 
to  help  limit  the  Type  I  error  of  multiple  tests  (Rice,  1989).  Statistical  analyses  were 
performed  with  SAS,  Version  8  (SAS  Institute  Inc.,  Cary,  NC). 

Reproductive  and  feeding  behaviors  were  observed  three  times  by  snorkeling  during  the 
study  period  (May  24,  June  22,  and  July  20).  Fish  were  observed  for  4  hr  during  each 
event  at  Site  12  (Table  1).  Site  12  was  chosen  because  of  public  access  and  habitat  char¬ 
acteristics  (e.g.,  clear,  shallow  water  with  cobble/boulder  substrates  and  moderate  flows). 
Additional  sites  were  not  observed  because  of  time  constraints.  After  approximately  5 
min  of  being  in  the  water,  fish  seemed  disinterested  in  my  presence  and  continued  with 
apparently  normal  activities. 
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RESULTS  /  DISCUSSION 

Bluebreast  darter  distribution  and  habitat  preference 

Forty-seven  species  from  1 1  families  were  collected  at  the  30  sites  (794  points)  sampled 
in  the  Vermilion  River  basin  (Table  2).  Seventy-nine  bluebreast  darters  were  found  at  17 
sites  (Table  1;  Table  2).  Densities  ranged  from  0.000  to  0.074  indiv/m^  (mean:  0.021  ± 
0.0232  indiv/m^  SD  -  Table  1),  and  it  was  the  4th  most  abundant  darter  and  10‘^  most 
abundant  fish  collected  (Table  2).  The  bluebreast  darter  was  found  in  all  three  forks  of  the 
Vermilion  River  and  in  the  mainstem  itself  (Table  1;  Figure  1).  Based  on  literature 
reviews  (e.g.,  Larimore  et  al.,  1952;  Larimore  and  Smith,  1963;  Smith,  1968;  Larimore 
and  Bayley,  1996)  and  museum  records  (e.g.,  INHS  Fish  Collection,  which  has  >3,500 
records  from  >100  sites  in  the  basin),  it  appears  that  E.  camurum  does  not  occur  else¬ 
where  in  the  Vermilion  River  basin. 

The  bluebreast  darter  was  found  in  depths  varying  from  7  to  43  cm  (mean:  27.5  ±  8.32 
cm  SD).  Although  flow  was  not  measured,  individuals  were  found  in  areas  with  moderate 
to  swift  currents  (estimated  as  >4.5  m/s).  Non-random  habitat  use  was  evident  for  E. 
camurum,  which  is  common  in  lotic  fishes.  Individuals  were  found  in  areas  with  higher 
fredle  index  scores  (r  =  6.46,  P  =  0.0002),  which  is  indicative  of  areas  with  larger  sub¬ 
strates.  Bluebreast  darter  abundance  was  positively  correlated  with  percent  cobble  (r  = 
0.54,  P  <  0.0001)  and  boulder  (r  =  0.34,  P  =  0.0003)  substrates;  no  other  correlations 
were  significant.  Etheostoma  camurum  was  seldom  collected  in  other  habitats.  Only  two 
individuals  were  found  in  points  that  lacked  cobble/boulder  and  moderate  to  swift  flows 
(individuals  were  found  in  sandy  gravel  area  with  no  flow).  These  accounts  are  similar  to 
those  previously  reported  (e.g..  Mount,  1959;  Smith,  1968;  Trautman,  1981;  Page,  1983). 

Densities  of  E.  camurum  in  the  Salt  Fork  varied  from  0.000  indiv/m^  to  0.071  indiv/m^ 
(mean:  0.025  ±  0.0282  indiv/m^  SD  -  Table  1).  In  the  Salt  Fork,  the  darter  was  found 
from  just  south  of  Muncie  to  the  confluence  with  the  mainstem  (Table  1;  Figure  1).  The 
habitat  in  this  area  was  sand  and  gravel  with  several  large  areas  of  moderate  to  swift  cur¬ 
rents  over  cobble  and  boulder;  upstream  of  this  area  was  predominately  sand  and  gravel 
with  very  little  cobble  and  boulder.  Goodnight  and  Wright  (1940)  reported  E.  camurum 
from  the  Salt  Fork,  but  Smith  (1979)  believed  this  population  became  extirpated  as  a 
result  of  anthropogenic  disturbances.  The  Salt  Fork  basin  historically  has  been  affected 
by  industrial  and  agricultural  pollution,  impoundments,  and  strip-mining,  all  of  which 
cause  detrimental  effects  to  freshwater  ecosystems  (Baker,  1922;  Larimore  and  Smith, 
1963;  Larimore  and  Bayley,  1996).  Downstream  portions  of  the  Salt  Fork  are  protected 
by  Kickapoo  State  Park. 

The  Middle  Fork  had  the  highest  densities  of  E.  camurum  collected  during  this  survey 
with  values  ranging  from  0.000  to  0.074  indiv/m^  (mean:  0.032  ±  0.0233  indiv/m^  SD  - 
Table  1).  In  the  Middle  Fork,  which  supports  one  of  the  healthiest  aquatic  ecosystems  in 
the  state  (Smith,  1971),  the  darter  was  collected  from  the  Potomac  area  to  the  confluence 
with  the  mainstem  (Table  1;  Figure  1).  The  habitat  in  this  area  was  sandy  gravel  with 
large  areas  of  swift  currents  over  cobble  and  boulder;  upstream  of  this  area  was  mostly 
sand  and  gravel  with  very  little  cobble  and  boulder.  The  water  quality  of  the  Middle  Fork 
has  deteriorated  over  time,  primarily  as  a  result  of  agricultural  and  industrial  runoff 
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(Smith,  1968;  Smith,  1971).  Other  disturbances  occurring  in  the  Middle  Fork  include 
dredging,  strip-mining,  and  impoundments  (Smith,  1968).  Portions  of  the  Middle  Fork 
are  protected  by  Middle  Fork  State  Fish  and  Wildlife  Area  and  Kickapoo  State  Park. 

This  survey  was  the  first  to  document  E.  camurum  in  the  North  Fork.  One  individual 
(INHS  101616)  was  collected  in  a  small  patch  of  cobble  downstream  of  the  lowhead  dam 
beneath  the  US  Hwy  150  bridge  (Table  1;  Figure  1).  This  dam  (~1  km  upstream  from  the 
confluence)  is  the  most  downstream  of  three  dams  on  the  North  Fork  Vermilion  River,  all 
of  which  are  in  Danville.  The  habitat  in  the  North  Fork  is  mostly  sand  and  gravel  with 
very  little  cobble  and  boulder.  If  E.  camurum  is  expanding  its  range  in  the  North  Fork 
Vermilion  River,  it  seems  likely  the  lowhead  dams  will  prevent  further  upstream  move¬ 
ment.  Impoundments  fragment  populations  of  aquatic  organisms  by  not  only  altering 
their  habitats,  but  also  by  blocking  their  upstream  dispersal  capabilities  (Tiemann  et  al., 
2004;  Santucci  et  al.,  2005;  Tiemann  et  al.,  2007b). 

Etheostoma  camurum  was  sporadically  distributed  in  the  mainstem  of  the  Vermilion 
River.  Densities  ranged  from  0.000  to  0.044  indiv/m^  (mean:  0.012  ±  0.0175  indiv/m^  SD 
-  Table  1).  In  the  mainstem,  the  darter  was  found  infrequently  downstream  to  the  state 
line  (Table  I;  Figure  1),  and  it  does  not  appear  to  occur  beyond  the  state  line  in  Indiana 
(B.E.  Fisher,  Indiana  Department  of  Natural  Resources,  pers.  comm.)  The  reason  for  the 
low  densities  and  patchy  distribution  appears  to  be  related  to  habitat.  The  habitat  in  the 
mainstem  was  predominately  sandy  gravel  with  small  patches  of  cobble  and  boulder.  As 
with  other  areas  in  the  Vermilion  River  basin,  the  mainstem  is  affected  by  agricultural 
and  industrial  pollution  and  impoundments  (Smith,  1968;  Smith,  1971). 

Carney  et  al.  (1993)  stated  that  the  range  of  E.  camurum  has  diminished  in  portions  of  the 
Wabash  River  drainage.  However,  this  does  not  appear  to  be  the  case  in  the  Vermilion 
River  basin.  It  appears  that  E.  camurum  is  expanding  its  range  in  the  basin  based  on  the 
fact  that  it  has  a  larger  distribution  than  what  was  reported  by  Smith  (1968)  or  Smith 
(1979).  Perhaps  this  pattern  is  the  result  of  sampling  effort.  Goodnight  and  Wright  (1940) 
and  Fisher  et  al.  (1998)  suggested  that  the  preferred  habitats  of  E.  camurum  (e.g.,  fast 
flowing  riffles  containing  boulders)  might  have  been  inadequately  sampled  during  previ¬ 
ous  surveys,  and  might  be  a  factor  accounting  for  the  infrequency  with  which  they  were 
taken.  Goodnight  and  Wright  (1940)  suggested  that,  in  order  to  collect  E.  camurum,  it  is 
“necessary  to  dislodge  the  rocks  and  drive  the  darters  into  the  net.”  During  the  2007  sur¬ 
vey,  the  systematic  kick-seining  method  of  transects  and  points  allowed  sampling 
throughout  the  entire  streambed,  including  those  areas  that  had  swift  currents  over  boul¬ 
der  and  therefore  could  account  for  the  new  distribution  records. 

Reproduction 

Spawning  was  witnessed  for  E.  camurum  on  22  June  2007  when  water  temperatures  were 
24°  C.  Males  did  not  develop  breeding  tubercles,  as  is  seen  with  some  darters  (Page, 
1983).  Males  established  territories  in  crevices  created  by  cobble  and  boulder  and  became 
aggressive  (e.g.,  chasing  and  fin  biting)  when  other  males  neared  their  territories.  I  did 
not  witness  if  the  coloration  of  the  males  intensified  during  the  aggressive  behavior  as 
reported  by  Mount  (1959).  The  genital  papillae  of  the  females  were  conical  tubes,  which 
aids  in  burying  eggs  (Page,  1983).  Although  not  witnessed  during  this  study.  Mount 
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(1959)  reported  that  females  become  aggressive  toward  other  females  and  develop  black 
bands  behind  the  pectoral  fins  during  the  aggressive  behavior. 

Females  enticed  males  to  spawn  by  darting  over  gravel  near  cobble  and  boulder  at  the 
head  of  the  riffle.  These  areas  appear  to  offer  refuge  from  the  swift  current  (Etnier  and 
Starnes,  1993).  When  ready  to  spawn,  a  female  raised  her  tail  and  put  her  head  down  into 
the  gravel  and  then  swam  forward  to  bury  herself.  As  this  act  was  occurring,  a  male  par¬ 
tially  wrapped  himself  around  her  and  then  released  sperm.  During  spawning,  the  pair 
vibrated  and  the  female  deposited  eggs  in  the  gravel.  The  vibration  lasted  <10  sec  and 
occurred  multiple  times  during  the  spawning  act,  which  lasted  <1  hr.  The  demersal  eggs, 
which  adhered  in  large  clumps  to  the  substrate,  were  2  mm  in  diameter,  transparent, 
spherical,  and  had  colorless  yolks.  The  number  of  eggs  could  not  be  determined  but 
Mount  (1959)  reported  that  a  female  can  lay  approximately  100  eggs.  It  did  not  appear 
that  the  males  guard  the  nest  as  reported  in  Etnier  and  Starnes  (1993). 

The  above  breeding  account  agrees  with  those  reported  by  Mount  ( 1 959)  and  Etnier  and 
Starnes  (1993).  Spawning  season  for  E.  camurum  can  run  from  mid-May  to  early  August 
(Page,  1983).  However,  no  spawning  activities  were  witnessed  on  24  May  2007  when 
water  temperatures  were  19°  C  or  on  20  July  2007  when  water  temperatures  were  27°  C. 
Mount  (1959)  reported  that  the  incubation  period  lasts  7-10  d  at  19-23°  C.  The  bluebreast 
darter  has  been  shown  to  hybridize  with  other  darters,  including  the  Tippecanoe  darter 
Etheostoma  tippecanoe  (Jordan  and  Evermann)  and  the  greenfin  darter  Etheostoma 
chlorobranchium  Zorach  (Mayden  and  Burr,  1980;  Eisenhour,  1995). 

Diet 

The  bluebreast  darter  was  witnessed  eating  aquatic  insects,  including  midge  larvae  and 
small  mayfly  and  stonefly  nymphs.  These  food  items  agree  with  previous  accounts  for  the 
species  (Page,  1983;  Etnier  and  Starnes,  1993;  van  Snik  Gray  et  al.,  1997).  van  Snik  Gray 
et  al.  (1997)  suggested  that  E.  camurum  specializes  on  prey  <6  mm  and  potentially  could 
compete  for  food  resources  with  several  darters,  including  greenside  darter  Etheostoma 
blennioides  (Rafinesque),  which  is  found  in  the  Vermilion  River  basin.  Also  witnessed 
during  my  study  were  three  separate,  unsuccessful  attempts  made  by  E.  camurum  to  eat 
the  aquatic  snail  Elimia  livescens  (Menke)  of  the  Family  Pleuroceridae.  It  appeared  that 
the  fish’s  gape  size  was  too  small  to  consume  the  snails,  which  were  about  8  mm  in 
length.  Darters  have  been  shown  to  consume  aquatic  snails  (Page,  1983;  Etnier  and  Star¬ 
nes,  1993),  although  it  is  unknown  what  percentage  of  snails,  if  any,  comprises  the  diet  of 
E.  camurum. 


MANAGEMENT  CONSIDERATIONS 

Potential  recovery  efforts  for  the  northern  riffleshell 

Based  on  literature  reviews  (e.g..  Smith,  1979;  Cummings  and  Mayer,  1997)  and  museum 
records  (e.g.,  INHS  Fish  Collection;  INHS  Mollusk  Collection),  E.  rangiana  and  E. 
camurum  co-occurred  in  only  the  Vermilion  River  basin  in  Illinois.  In  the  Wabash  River 
drainage,  E.  rangiana  is  extant  in  the  Tippecanoe  and  White  river  basins  (Fisher,  2006), 
whereas  E.  camurum  is  extant  in  the  Tippecanoe  River  basin  (Carney  et  al.,  1992)  and 
Wabash  mainstem  (Fisher  et  al.,  1998).  Potential  source  populations  for  E.  rangiana 
propagation  could  be  the  Tippecanoe  River  basin,  and  optimal  relocation  sites  in  Illinois 
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are  in  the  lower  Middle  Fork.  These  areas  offer  the  highest  densities  of  E.  camiinim  and 
preferred  habitat  (e.g.,  gravel  riffles)  for  E.  rangiana  (Cummings  and  Mayer,  1992). 
These  areas  are  located  in  state  park  systems,  and  therefore  offer  instream  protection. 
However,  because  they  are  in  public  areas,  there  is  potential  for  interference  in  propaga¬ 
tion  methods  (e.g.,  tampering  of  cages)  from  park  users. 

Bluebreast  darter  status 

Etheostma  camurum  should  remain  listed  as  state-endangered.  Because  of  its  small  range 
in  Illinois  and  its  affinity  for  specialized  habitats,  the  species  easily  could  be  extirpated 
from  the  state  by  catastrophic  events  (e.g.,  a  chemical  spill).  If  this  disaster  were  to  occur, 
it  would  be  unlikely  that  E.  camurum  could  repopulate  the  Vermilion  River  basin  natu¬ 
rally.  With  its  sporadic  distribution  in  the  Wabash  River  drainage,  the  closest  source 
population  would  be  the  Big  Pine  Creek  basin  in  Indiana  (B.E.  Fisher,  Indiana  Depart¬ 
ment  of  Natural  Resources,  pers.  comm.),  a  distance  of  >70  km.  Although  E.  camurum 
can  migrate  if  suitable  substrates  are  present  (Trautman,  1981),  the  habitat  from  the  lower 
Big  Pine  Creek  basin  to  the  lower  Vermilion  River  is  mostly  sandy  gravel  with  very  little 
cobble  and  boulder  (pers.  obser.;  B.E.  Fisher,  Indiana  Department  of  Natural  Resources, 
pers.  comm.).  Therefore,  all  efforts  should  be  taken  to  protect  its  habitat  and  prevent 
future  disasters  from  occurring. 
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Sampling  locations  and  densities  of  Etheostoma  camurum  during  the  2007  sur¬ 
vey  in  the  Vermilion  River  basin  (Wabash  River  drainage),  Vermilion  County, 
Illinois.  Stream  includes  Salt  Fork  (SF),  Middle  Fork  (MF),  North  Fork  (NF), 
and  mainstem  Vermilion  River  (VR).  Lat  /  Long  is  in  decimal  degrees.  Densi¬ 
ties  are  the  number  of  individuals  /  meter^. 


Stream  Common  location _ 

SF  3.0  mi  S  DeLong,  CR  200  E  bridge 

SF  3.0  mi  S  Fithian,  CR  400  E  bridge 

SF  1 .5  mi  S  Muncie,  near  CR  500  E 

SF  3.0  mi  N  Fairmount,  CR  1500  N  bridge 

SF  2.0  mi  S  Oakwood,  CR  850  E  bridge 

SF  1 .0  mi  S  Bucktown,  near  park  trail 

MF  1 .0  mi  S  Armstrong,  CR  350  E  bridge 

MF  2.5  mi  SE  Armstrong,  near  CR  2950  N 

MF  1 .0  mi  S  Potomac,  CR  750  E  bridge 

MF  2.0  mi  S  Potomac,  CR  2900  N  ford 

MF  2.5  mi  W  Jamesburg,  near  CR  2750  N 

MF  1 .5  mi  W  Higginsville,  CR  2600  N  ford 

MF  2.5  mi  E  Collison,  near  CR  2400  N 

MF  2.0  mi  W  Snider,  CR  2300  N  bridge 

MF  2.5  mi  NE  Newton,  CR  2100  N  bridge 

MF  2.0  mi  ESE  Newton,  CR  2000  N  bridge 

MF  0.5  mi  E  Belgium  Row,  CR  1875  N  bridge 

MF  1 .5  mi  E  Bucktown,  US  Hwy  150  bridge 

NF  1 .0  mi  SW  Alvin,  CR  3025  N  bridge 

NF  1 .5  mi  W  Bismarck,  CR  2750  N  bridge 

NF  Danville,  Harrison  Park 

NF  Danville,  Hungry  Hollow  Road 

NF  Danville,  US  Hwy  150  bridge 

VR  2.0  mi  SE  Bucktown,  CR  1200  E  bridge 

VR  0.5  mi  S  Batestown,  1-74  bridge 

VR  0.5  mi  E  South  Danville,  RR  bridge 
VR  Danville,  1-74  bridge 
VR  2.5  mi  E  Hegeler,  CR  1810  E  bridge 
VR  4.0  mi  E  Westville,  RR  bridge 

VR  4.5  mi  E  Midway,  Forest  Glen  Preserve 


Lat  /  Long 

Density 

40.0694.-87.9016 

0.000 

40.0649,-87.8629 

0.000 

40.0891,-87.8421 

0.009 

40.0943,-87.8161 

0.044 

40.0828,-87.7807 

0.071 

40.1020,-87.7393 

0.026 

40.2988,-87.8776 

0.000 

40.2936,-87.8371 

0.000 

40.2965,-87.8017 

0.052 

40.2840,-87.7948 

0.000 

40.2604,-87.7959 

0.027 

40.2421,-87.7757 

0.037 

40.2192,-87.7509 

0.040 

40.2027,-87.7345 

0.056 

40.1767,-87.7342 

0.037 

40.1599,-87.7400 

0.074 

40.1355,-87.7460 

0.028 

40.1167,-87.7261 

0.028 

40.3037,-87.6220 

0.000 

40.2658,-87.6427 

0.000 

40.1499,-87.6573 

0.000 

40.1335,-87.6548 

0.000 

40.1233,-87.6385 

0.008 

40.1024,-87.7155 

0.000 

40.1156,-87.6940 

0.044 

40.1157,-87.6458 

0.000 

40.1112,-87.6152 

0.014 

40.0842,-87.5928 

0.000 

40.0380,-87.5577 

0.027 

40.0176,-87.5498 

0.000 
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Table  2.  Fishes  collected  during  the  2007  survey  in  the  Vermilion  River  basin  (Wabash 
River  drainage).  Vermilion  County,  Illinois.  Special  status:  =  state-endan¬ 
gered. 


Family 

Common  name 

Scientific  name 

No.  indiv 

Lepisosteidae 

Longnose  gar 

Lepisosteus  osseus 

1 

Clupeidae 

Gizzard  shad 

Dorosoma  cepedianum 

8 

Cyprinidae 

Central  stoneroller 

Campostma  anomalum 

258 

Spotfin  shiner 

Cyprinella  spiloptera 

19 

Steelcolor  shiner 

Cyprinella  whipplei 

17 

Bigeye  chub 

Hybopsis  amblops 

1 

Striped  shiner 

Luxilus  chrysocephalus 

7 

Redfin  shiner 

Lythrurus  umbratilis 

12 

Hornyhead  chub 

Nocomis  biguttatus 

21 

Golden  shiner 

Notemigonus  crysoleucas 

3 

Emerald  shiner 

Notropis  atherinoides 

18 

Bigeye  shiner 

Notropis  boops 

3 

Silverjaw  minnow 

Notropis  buccatus 

16 

Carmine  shiner 

Notropis  percobromus 

51 

Sand  shiner 

Notropis  stramineus 

72 

Suckermouth  minnow 

Phenacobius  mirabilis 

6 

Bluntnose  minnow 

Pimephales  notatus 

341 

Creek  chubsucker 

Semotilus  atromaculatus 

223 

Catostomidae 

Quillback 

Carpoides  cyprinus 

1 

White  sucker 

Catostomus  commersonii 

3 

Northern  hogsucker 

Hypentelium  nigricans 

218 

Black  redhorse 

Moxostoma  duquesnei 

1 

Shorthead  redhorse 

Moxostoma  macrolepidotum 

5 

Ictaluridae 

Yellow  bullhead 

Ameiurus  natalis 

26 

Channel  catfish 

Ictalurus  punctatus 

17 

Stonecat 

Noturus  flavus 

362 

Tadpole  madtom 

Noturus  gyrinus 

22 

Brindled  madtom 

Noturus  miurus 

49 

Flathead  catfish 

Pylodictis  olivaris 

3 

Esocidae 

Grass  pickrel 

Esox  americanus 

7 

Atherinidae 

Brook  silverside 

Labidesthes  sicculus 

21 

Fundulidae 

Blackstripe  topminnow 

Fundulus  notatus 

19 

Centrarchidae 

Rock  bass 

Ambloplites  rupestris 

5 

Green  sunfish 

Lepomis  cyanellus 

17 

Orangespotted  sunfish 

Lepomis  humilis 

8 

Bluegill 

Lepomis  macrochirus 

31 

Longear  sunfish 

Lepomis  megalotis 

92 

Smallmouth  bass 

Micropterus  dolomieu 

29 

Percidae 

Greenside  darter 

Etheostoma  blennioides 

517 

Rainbow  darter 

Etheostoma  caeruleum 

481 

Bluebreast  darter 

Etheostoma  camurum 

79 

Fantail  darter 

Etheostoma  flabellare 

212 

Johnny  darter 

Etheostoma  nigrum 

72 

Logperch 

Percina  caprodes 

7 

Slenderhead  darter 

Percina  phoxocephala 

19 

Dusky  darter 

Percinia  sciera 

3 

Sciaenidae 

Freshwater  drum 

Aplodinotus  grunniens 

11 
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Figure  1 .  Station  locations  of  the  2007  survey  of  Vermilion  River  (Wabash  River  drain¬ 
age),  Vermilion  County,  Illinois.  Circles  indicate  where  Etheostoma  camurum 
was  collected  and  X’s  indicate  sites  where  it  was  not. 
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BOOK  REVIEW  2008  -  #1 

Stone,  Linda,  and  Paul  F.  Lurquin.  Genes,  Culture,  and  Human  Evolution:  A  Synthesis. 
2007.  xxii  +  314  pages;  figures;  tables;  black  and  white  photographs;  color  plates;  appen¬ 
dices;  references;  glossary;  index.  Blackwell  Publishing,  Malden,  Massachusetts.  ISBN- 
13:  978-1-4051-5089-7.  Hard-cover.  Price:  US  $100.95.  Available  from:  Blackwell  Pub¬ 
lishing,  350  Main  Street,  Malden,  MA  02148-5020. 

Genes.  Culture  and  Human  Evolution:  A  Synthesis  was  written  with  three  goals:  to  sum¬ 
marize  the  current  state  of  human  genetics  as  it  relates  to  tracing  human  evolution  and 
dispersion;  to  serve  as  a  college-level  text  for  courses  in  biology,  anthropology  and 
human  genetics;  and  to  make  an  appeal  for  greater  collaboration  between  genetics,  cul¬ 
tural  anthropology  and  paleoanthropology. 

The  book  is  dedicated  to  L.  L.  Cavalli-Sforza,  who  also  wrote  the  introduction.  Cavalli- 
Sforza,  of  Stanford  University,  was  one  of  the  first  geneticists  to  attempt  to  map  human 
genetic  variation  onto  cultural  and  linguistic  variation.  His  work  provides  the  inspiration 
for  this  book,  and  many  of  the  chapters  on  aspects  of  human  genetics  are,  in  fact,  sum¬ 
maries  of  Cavalli-Sforza’ s  own  research.  In  the  introduction,  however,  Cavalli-Sforza 
treats  genetic  research  only  in  passing.  His  focus  is  on  the  dangers  he  perceives  as 
impeding  scientific  accounts  of  human  biological  and  cultural  evolution:  insufficient  and 
ineffective  collaboration  among  scientific  disciplines;  weaknesses  in  the  ways  scientists 
communicate  their  research  to  the  public;  opposition  from  champions  of  creationism  and 
Intelligent  Design;  and  the  postmodern  movement  in  the  social  sciences.  In  its  overall 
conception  and  organization,  this  book  is  a  notable  attempt  to  address  those  dangers. 

Genes.  Culture  and  Human  Evolution:  A  Synthesis  is  organized  as  a  textbook,  with  a 
synthesis  (summary),  suggestions  for  further  reading  and  discussion  questions  at  the  end 
of  every  chapter.  The  first  chapter  presents  “very  short”  (p.  1)  histories  of  research  in 
genetic  and  cultural  evolution  and  a  preview  of  what  is  to  come  in  the  remainder  of  the 
volume.  Chapter  two  is  devoted  to  an  overview  of  human  evolution  from  the  perspective 
of  paleoanthropology,  itself  an  interdisciplinary  program  combining  human  paleontology, 
archaeology,  earth  sciences,  paleobotany  and  numerous  other  disciplines.  The  chapter 
summarizes  both  the  evidence  from  the  fossil  and  archaeological  records  and  the  princi¬ 
pal  methods  used  to  date  prehistoric  remains.  The  authors’  account  of  current  theory  is 
adequate  but  highly  condensed,  so  readers  who  are  new  to  the  field  and  those  who  teach 
introductory  courses  may  wish  to  consult  additional  sources.  Eor  example,  the  competing 
uniregional  (or  single  origin)  and  multiregional  hypotheses  concerning  modern  human 
{Homo  sapiens)  origins  are  mentioned  in  reference  to  the  dispersals  from  Africa  of  both 
Homo  erectus  (ca.  1.8  million  years  ago)  and  modern  H.  sapiens  (ca.  60-80  thousand 
years  ago).  In  modern  paleoanthropology,  the  uniregional  and  multiregional  hypotheses 
apply  only  to  the  dispersion  of  modern  H.  sapiens.  [Note:  the  uniregional  hypothesis  sees 
modern  humans  as  having  evolved  from  a  single  population  in  Africa;  the  multiregional 
hypothesis  holds  that  modern  H.  sapiens  appeared  in  several  separate  regions  at  more  or 
less  the  same  time.] 

The  next  four  chapters  (3-6)  constitute  a  primer  on  genetics  and  human  evolution,  from 
Mendel  to  the  construction  of  evolutionary  phylogenies.  Each  important  avenue  of 
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genetic  research  —  protein  polymorphisms,  deoxyribonucleic  acid  (DNA)  analyses,  mito¬ 
chondrial  DNA  (mtDNA)  studies  and  more  — is  presented  in  its  laboratory  and  practical 
dimensions,  with  special  attention  to  how  it  can  help  us  understand  the  movements  of 
people  in  the  past.  Mutation,  selection,  drift  and  migration  are  discussed  in  the  same 
research-oriented  way.  Considering  how  much  information  is  included  in  these  chapters, 
the  presentation  is  admirably  rigorous  and  introduces  calculations  of  genetic  distance, 
principal  components  analysis  and  other  mathematical  techniques.  Stone  and  Lurquin  are 
sensitive  to  their  audience,  however,  and  present  only  enough  mathematics  to  illustrate 
and  clarify  the  underlying  concepts.  This  is  the  strongest  section  of  the  book  and  could 
form  the  core  of  an  entire  college-level  introductory  course. 

Chapter  seven  is  much  more  speculative  because  it  tackles  the  issues  of  gene-culture 
interactions  and  biological  and  cultural  co-evolution.  The  authors  make  the  case  for 
analogies  between  genetic  evolution  and  cultural  evolution  in  the  forms  of  mutation, 
selection,  drift  and  migration.  In  the  cultural  realm  it  is  ideas  that  mutate  and  diversify. 
They  propagate  along  two  principal  vectors,  vertical  (parent-to-child)  and  horizontal 
(peer-to-peer).  In  this  view,  vertically  transmitted  ideas  tend  to  be  conservative,  to  be 
transmitted  on  generational  time  scales  and  to  be  deeply  embedded  in  people’s  minds.  In 
contrast,  horizontally  transmitted  ideas  are  more  likely  to  be  transformed  and  tend  to 
propagate,  with  variation,  much  more  quickly.  Certain  cultural  ideas  are  selected  for, 
although  these  may  or  may  not  contribute  to  the  fitness  of  individuals  or  groups.  The 
authors  draw  examples  from  the  histories  of  religious  denominations  and  sects  to  show 
how  the  mechanisms  of  mutation  or  drift,  for  example,  can  be  used  to  interpret  historical 
events. 

These  kinds  of  analogies  are  useful  for  heuristic  purposes  but  become  misleading  if 
pushed  too  far.  Analogies  between  genetic  mutation  and  cultural  innovation  and  between 
natural  selection  (fitness-based)  and  cultural  selection  (with  no  necessary  fitness  compo¬ 
nent)  are  especially  problematic.  Genetic  mutations  arise  at  random;  whether  or  not  they 
are  retained  in  successive  generations  depends  on  their  contribution  to  the  fitness  of  the 
resulting  phenotype.  Cultural  innovations  rarely  if  ever  arise  at  random  and  they  may  or 
may  not  enhance  the  fitness  of  those  individuals  and  cultures  who  adopt  them.  Even  more 
uncertain  is  the  unit  of  cultural  selection,  the  cultural  analog  of  the  gene.  The  authors 
suggest  that  it  might  be  ideas  or  concepts  or  memes,  but  those  remain  too  poorly  defined 
to  have  any  analytic  utility.  Alternatively,  it  might  be  “institutions  and  organizations”  (p. 
134),  including  governments,  corporations  and  religious  organizations,  functioning  as  a 
kind  of  “cultural  DNA”  (p.  135).  Such  organizations  persist  over  time,  occupy  specific 
places,  interact  with  each  other  and  are  slow  to  change,  say  the  authors.  They  “seem  to 
take  on  a  life  of  their  own,  acting  like  living  organisms,  even  multiplying  with  increases 
in  population  or  population  density”  (p.  135).  At  this  point,  any  connection  with  evolu¬ 
tion  in  the  biological  sense  has  become  merely  metaphorical. 

In  the  remaining  seven  chapters  (8-14),  the  authors  illustrate  the  contributions  of  genetic 
data  to  issues  in  human  evolution  and  the  dispersion  of  modern  humans.  The  topics  range 
from  the  environmental  sources  of  human  phenotypic  variation  (e.g.  the  correlation  of 
skin  color  with  the  intensity  of  solar  radiation)  to  the  correlations  between  genetic  diver¬ 
sity  and  linguistic  diversity.  Along  the  way  they  consider  coalescent  theory  — a  way  of 
estimating  the  effective  sizes  of  ancient  populations  — and  the  results  of  mtDNA  studies 
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that  suggest  that  there  was  little  if  any  interbreeding  between  Neanderthals  and  modern 
humans.  The  authors  present  substantial  genetic  data  supporting  the  view  that  all  living 
people  share  a  common  ancestor  within  the  last  200,000  years.  Every  topic  is  accompa¬ 
nied  by  explanations  of  the  specific  genetic  techniques  involved  and  of  how  the  results 
are  analyzed. 

Perhaps  in  an  effort  to  interest  cultural  anthropologists  who  have  reservations  about 
genetic  science,  Stone  and  Lurquin  illustrate  how  cladistic  analysis  can  be  applied  to 
cultural  evolution.  In  evolutionary  biology,  cladistic  analysis  is  used  to  show  the  branch¬ 
ing  patterns  of  evolutionary  diversification,  with  closely  related  species  forming  clades. 
The  authors  apply  this  perspective,  at  some  length,  to  the  development  (evolution)  of  the 
great  monotheistic  religions:  Judaism;  Christianity;  and  Islam.  They  invoke  horizontal 
transmission  of  cultural  traits  as  the  basic  mechanism  underlying  the  spread  and  branch¬ 
ing  of  the  monotheistic  religious  tradition.  Once  again,  metaphors  from  evolutionary  the¬ 
ory  are  being  used  to  describe  cultural  change,  with  the  implication  that  such  change  is 
evolution.  Yet  with  no  definable  unit  under  selection,  and  no  requirement  that  selected 
variants  be  adaptive  or  increase  fitness,  analyses  become  statements  like  “some  global 
cultural  trends  are  maladaptive  for  human  life  and  reproduction”  (p.  138;  Box  7.1). 

In  addition  to  a  section  of  general  concluding  comments,  the  book  ends  with  four  appen¬ 
dices,  chapter  notes,  a  glossary,  lists  of  references  organized  by  chapter  and  an  index.  The 
appendices  expand  on  topics  including  the  Hardy-Weinberg  equilibrium  theorem  and 
ways  of  estimating  genetic  drift,  and  would  provide  good  material  for  laboratory  exer¬ 
cises  or  student  research.  The  book  is  illustrated  throughout  with  charts  and  diagrams, 
many  showing  the  results  of  various  ways  of  estimating  human  genetic  relationships  and 
clustering.  There  are  thirteen  beautifully  reproduced  color  plates  bound  in  the  middle  of 
the  book.  Although  each  plate  is  numbered  and  referred  to  in  the  text,  it  is  not  always 
clear  why  the  images  were  chosen.  For  example,  Plate  14.2  bears  a  small  photo  illustrat¬ 
ing  gel  electrophoresis,  whereas  Cavalli-Sforza’s  important  diagram  relating  population 
genetic  trees  to  language  families  is  reproduced  only  in  black  and  white  later  in  the  book. 

These  minor  criticisms  notwithstanding.  Genes.  Culture  and  Human  Evolution:  A  Syn¬ 
thesis  will  be  enjoyed  by  anyone  with  an  interest  in  human  evolution,  modern  genetic 
analysis  or  the  peopling  of  the  world.  It  merits  inclusion  in  any  library’s  collection  and  is 
a  must  for  academic  libraries.  While  it  is  written  for  the  reader  with  no  prior  knowledge 
of  the  topic,  it  is  technical  enough  to  be  a  primary  or  secondary  text  for  both  introductory 
and  graduate-level  courses  in  human  evolution,  genetics,  anthropology  and  other  fields. 
The  references,  organized  by  chapter,  are  current  as  of  the  date  of  publication  and  provide 
both  students  and  general  readers  with  resources  for  further  research,  technical  and/or 
theoretical,  into  all  of  the  topics  presented  in  the  book. 

Reviewer:  Richard  G.  Milo,  Prof,  of  Anthropology  and  Dean  of  the  Honors  College,  Chi¬ 
cago  State  University,  9501  S.  King  Drive,  Chicago,  IE  60628 
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